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CHAPTER 1
INTRODUCTION AND DESCRIPTION

This manual provides the user with the necessary information to operate, interface to, maintain, and troubleshoot the
PDP-8/A Miniprocessor manufactured by Digital Equipment Corporation, Maynard, Massachusetts.

The PDP-8/A is the newest model of the PDP-8 family consisting of the PDP-8/E, PDP-8/F, PDP-8/M and PDP-8/A. The
following illustrates how the PDP-8/A relates to its family members.

KIT-8/A PDP-8/A PDP-8/M PDP-8/E
Modules Small to Medium Medium to Large Large
Configurations Configurations Configurations

KIT-8/A is a module set version of the PDP-8/A configured to solve application problems that do not require a com-
plete computer package with power, front panel, chassis, and cooling. Kits consist of processor, memory, option
boards, and mounting hardware including:

Central Processor Unit, Hex Module (M8315)

Read/Write Random Access Memory (RAM), Quad Module (M8311)

Read Only Memory (ROM), Quad Module (M8312)

Reprogrammable Read Only Memory (PROM), Quad Module (M8349)

DKC8-AA |/0 Option Board with Serial I/0, Parallel 1/0, Real-Time Crystal Clock, and Programmer's Panel Control,
Hex Module (M8316)

KM8-AA Extended Option Board with Memory Extension, Timeshare Control, Power Fail/Auto-Restart, and Bootstrap
Loader, Hex Module (M8317)

MM8-AA(8K) and MM8-AB(16K) Core Memory Modules

PDP-8/A - There are two basic types of computers in the PDP-8/A family. The first type is the PDP-8/A, which uses
semiconductor memories (MS8 and MR8). The second type is represented by a series of computers, each of which uses
8K or 16K core memory (MM8); this series consists of the 8A400, 8A420, 8A600, 8A620, 8A800, and 8A820
computers. When a reference applies to both types of computers, the designation “PDP-8/A" is used. “PDP-8/A Semi-
conductor” refers to the semiconductor-memory computer, while “8A400,” for example, refers to a specific core-memo-
ry machine and “8A" refers to the core-memory machines in general.
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PDP-8/A Semiconductor (Semiconductor Memory); designed to provide the security and data integrity of hard wired,
solid state logic and relay controllers, and in addition, provide the flexibility, power, and low cost of a computer. Space is
available to install 10 modules.
Semiconductor memory:

RAM 1K, 2K, 4K (M8311)

ROM 1K, 2K, 4K (M8312) On Quad Modules

PROM 1K with 256 word RAM (M8349)

Battery backup:
System 1 to 7 minutes with provision for additional external batteries

8A (Core Memory); provides the lowest cost computers in the 8K to 32K memory range for small computer systems
and mainframes. The PDP-8/A Central Processor Unit and two new core memories are used. Space is available for 12 or
20 modules.

Core memory:
8K (MMB8-AA) and 16K (MM8-AB) Hex Modules (two slot spaces are required for each module).

Most of the options available for other members of the PDP-8 family are compatible with the PDP-8/A (see Paragraph
2.4 for a list of those that are not compatible). However, the DKC8-AA 1/0 Option module, the KM8-AA Extended Option
module, and several memory modules have been designed exclusively for the PDP-8/A.
Companion Documents include:

1. Introduction to Programming — 1973

2. 0S/8 Handbook

3. PDP-8/A Miniprocessor Handbook - 1975-1976

4, PDP-8/A Operators Handbook(DEC-8A-HOPHB-A-D)

5. PDP-8/A Engineering Drawings

6. PDP-8/E Maintenance Manual Volurne |l (DEC-8E-HMM2A-D-D) and Ill (DEC-8E-HMMB3A-C-D).
All of these documents are available from Communications Services, Digital Equipment Corporation, Maynard, Mas-

sachusetts, 01754.

Table 1-1 lists the functional characteristics of the PDP-8/A.
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Table 1-1
PDP-8/A Functional Characteristics

Type Single address, fixed word length, parallel transfer programmed data processor.
Word Length 12 bits.
Cycle Time 1.5 us minimum (See memory speeds).
Memory Type Cycle Time (us)
Fetch Major State All Other States
ROM Only 1.5 1.5
ROM/RAM (ROM Cycle) 1.6 1.6
ROM/RAM (RAM Cycle) 2.7 3.1
RAM Only 2.4 2.8
Core Memory 1.5 1.5
Memory Types RAM 1K, 2K, 4K
ROM 1K, 2K, 4K
PROM 1K
Core 8K, 16K
Memory Expansion Up to 32K,
Hardware Registers 5(AC, MQ, MB, PC, CPMA).
Auto Index 8 Auto Index registers per 4K memory field.
Addressing Capability One instruction may address 256 locations directly or 4096 locations indirectly.
Instruction Set 6 memory reference instructions, 20 microprogrammable operate microinstructions,
and 8 input/output transfer instructions for the CPU and each of up to 60 |/O
devices.
Instruction Execution Time Operate microinstruction 1.6 us*
Directly addressed MRI 3.0 us*®
Indirectly addressed MRI 4.5 us*
Input/Qutput Capability Programmed data transfer, program interrupt system transfer, and 12 channels of

internal and/or external direct memory access (data break).

Auto Start Feature The CPU contains an auto-start which can start the CPU at one of six switch select-
able addresses upon application of power.

*Cycle times reflect 1.5 us memory.

1-3



Table 1-1 (Cont)
PDP-8/A Functional Characteristics

Options Two new option boards which may be used separately or together.
1. Front Panel Control
Serial Line Unit
Parallel 1/0

Real Time Clock

2. Power Fail/Auto Restart
Memory Extension
Timeshare Control
Bootstrap Loader

Size (W X H X D) 19X 10.5 X 10.5in. (48 X 27 X 27 cm) — PDP-8/A Semiconductor, 8A400,

3A600, 8A800.
19 X 10.44 X 23 in. (48 X 26.52 X 58.42 cm) — 8A420, 8A620, 8A820.

Weight 55 Ib (25 kg) - PDP-8/A Semiconductor, 8A400, 8A600, 8A800.

117 Ib (63 kg) — 8A420, 8A620, 8A820.
Operating Environment Ambient temperature 41° to 122° F (5° to 50° C)

Relative humidity 10% to 95% maximum, Wet bulb 90° F (32° C)
Power Requirement Approximately 150 W at 115 Vac, 50 or 60 Hz or 230 Vac, 50 or 60 Hz (voltage

and frequency specified at time of order).

1.1 SYSTEM DESCRIPTION

The PDP-8/A is a general purpose miniprocessor. Its processor structure is single-address, fixed word length, parallel
transfer, using 12-bit. two’s complement arithretic. The cycle time of the processor is 1.5 us. Standard features include
one level of indirect addressing and facilities for instruction skipping, program interrupts as a function of input/output
device conditions, and auto-restart features. i

Five 12-bit registers are used to control computer operations, address memory, perform arithmetic or logical oper-
ations, and store data. An optional Programmer’'s Console provides switches and indicators that permit convenient
monitoring and modification of machine operation.

The flexible, high capacity input/output capabilities of the PDP-8/A allow it to operate a great variety of peripheral
devices. More than 60 input/output device options including high-speed paper-tape equipment, card readers, line
printers, disk and magnetic tape bulk storage devices, and a wide range of data acquisition, transmission, and display
peripherals are available from DIGITAL for the PDP-8/A.

Each PDP-8/A system is completely self-contained. A single source of 115 or 230 Vac power is required; internal power
supplies produce all the necessary operating voltages for the system. The basic PDP-8/A computer consists of a rack-
mountable chassis with a power supply and an Omnibus (backplane) into which are inserted the central processor, the
memory system, and the optional Programmer’'s Console and console terminat control. In the PDP-8/A, a bus is defined
as a group of signal lines carrying related information, such as the 12 bits of an instruction or data word. The Omnibus
may be considered a wide bus containing several buses along with many other signal lines. Each PDP-8/A Omnibus has a
slot for the central processor unit, two slots reserved for the two option boards, plus several identical nondedicated
module slots. Each slot will accept a 144-pin quad or hex-sized module. (Some slots will accept a 180-pin hex module.)
The Omnibus provides two-way signal paths between corresponding pins of the modules that are plugged into it.



A PDP-8/A computer pictured in Figure 1-1 shows both the Limited Function Panel (the panel on the bottom with three
switches and three indicators) and the Programmer’s Console. The Programmer’s Console can be located remotely from
the chassis; in such a case, or when the system does not include a console, a blank panel is attached.

PDP-8/A computers have three different mechanical assemblies that can be characterized by the number of available
Omnibus slots: that is, the PDP-8/A semiconductor computer assembly has a 10-slot Omnibus, while the 8A computer
assemblies have either a 12-slot or a 20-slot Omnibus. Table 1-2 relates the various PDP-8/A computers to some of the
basic system components. Note that the 8A400 can be considered the basic 8A computer, having a core memory, an 8A
CPU, and a 12-slot Omnibus. Thus, the 8A420 differs only in that it has a 20-slot Omnibus; the 8 A600 differs in that it
has a PDP-8/E CPU; the 8A620 differs in that it has a PDP-8/E CPU and a 20-slot Omnibus; the 8A800 differs in that it
has an FPP-8/A (not indicated in Table 1-2); and, the BA820 differs in that it has an FPP-8/A and a 20-slot Omnibus.
Also, note that only 8A computers that use a PDP-8/E CPU can be expanded.

Table 1-2

PDP-8/A Computer Assemblies

Basic Power Assembly

Computer CPU Memory* Omnibus Expandable

PDP-8/A KK8-A Semiconductor H763 H9192 (10-Slot) No

8A400 KK8-A Core H9300 H9194 (12-Slot) No

8A420 KK8-A Core BAS8-C H9195 (20-Slot) No

8A600 KK8-E Core H9300 H9194 (12-Slot) Yes. As many as 20 slots
can be added.

8A620 KK8-E Core BAS8-C H9195 (20-Siot) Yes. As many as 20 slots
can be added.

8A800 KK8-A Core H9300 H9194 (12-Slot) No

8A820 KK8-A Core BA8-C H9195 (20-Slot) No

*A KM8-A (or KM8-E) Extended Memory Option module must be included in all the 8A computers, since their basic memory capacity
is 8K or 16K; the KM8 is optional with the PDP-8/A Semiconductor computer, since the basic memory can be less than, greater than,

or equal to 4K,

Figure 1-2 represents, pictorially, the PDP-8/A Omnibus and the relationship of the fundamental system components
(i.e., CPU, memory, power supply, option, and peripheral interfaces). These components are described briefly in the
following paragraphs.
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Figure 1-1 PDP-g/A Miniprocessor
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1.1.1 Central Processor Unit (CPU)

The KK8-A is contained on one hex module and has all the circuitry needed to manipulate data and generate control
signals; this circuitry includes the major registers and gating, the instruction decoder, the timing generator, and the auto- .
start logic. The KK8-E is comprised of 4 hex modules. Two of these, M8300 and M8310, constitute the CPU; another is
the Timing Generator (M8330), and the last is the Bus Loads (M8320).

1.1.2 KC8-AA Programmer’s Console

The DKC8-AA 1/0 Option board contains the circuitry required to connect the PDP-8/A Programmer’s Console to the
Omnibus. This console consists of an array of controls and indicators that facilitate computer operation and maintenance.
Key pad switches provide convenient control of the system by allowing the operator to start and stop program execution,
examine and modify the contents of memory, select various modes of operation, and load and execute short machine
language programs.

1.1.3 Limited Function Panel

The Limited Function Panel (Figure 1-3), which is often used without the Programmer’s Console in dedicated appli-
cations, provides the necessary controls to apply power to the computer and start a program. A PANEL LOCK switch,
which is significant only when a Programmer’s Console is present, allows the operator to disable most of the console
switches. This feature protects an operating program from being disturbed by accidental closure of a switch.

Jdikdilta]
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Figure 1-3 PDP-8/A Limited Function Panel

1.1.4 Memory

The PDP-8/A memory can be configured from ROM, RAM, PROM, or core memory to meet the user’s particular re-
quirements. Memory sizes below 4K, (such as 1K RAM, 1K ROM, and 1K PROM) are allowed, and the memory sys-
tem can be expanded to 32K provided there is adequate current available from the power supply. Each of the
various memory options available is discussed in the following paragraphs.

1.1.56 MMS8-A Core Memory

The MM8-A is a 12-bit word, random access core memory system for the 8A computer. There are two versions available,
the MM8-AA (8192 12-bit words) and MM8-AB (16,384 12-bit words). Memory cycle time is 1.5 us. A one inch thick
hex module board contains the core stack, drive circuits, sense circuits, address decoders, etc. These circuits perform all
the operations required to transfer data into or out of core memory. The system plugs into one Omnibus slot but occupies
two spaces on the Omnibus because of the thickness of the module.

1.1.6 MS8-A Read/Write Semiconductor Memory (RAM}

The read/write semiconductor memory is a random access memory (RAM) mounted on a single quad board with a
capacity of 1K, 2K, or 4K 12-bit words. Memory cycle time is 2.4 us for instruction fetches and 2.8 us for all other
states.



1.1.7 MR8-A Read Memory (ROM)
The MR8-A is a semiconductor read only memory mounted on a single quad board with a capacity of 1K, 2K, or 4K
12-bit words. Memory cycle time with ROM memory only is 1.5 us.

For those systems containing both ROM and RAM, a 13th bit in each memory location containing ROM and RAM
may be set to a logical 1 when the ROM is programmed to allow the program to address a word in read/write mem-
ory. When the 13th bit is on, the content of that memory location is interpreted as a memory address instead of an
operand and used to address the desired RAM memory location. This allows the programmer to use instructions that
require read/write operations (i.e., JMS, DCA, ISZ Instructions) when writing the ROM program.

1.1.8 MRB8-FB Reprogrammable Read Only Memory (PROM)

The MR8-FB is an ultraviolet-erasable semiconductor memory mounted on a single quad board with a capacity of
1024 12-bit words of PROM and 256 words of read/write memory. PROM memory also has a 13th bit which can
be set to one, to address one of the 2566 RAM locations. When the 13th bit is one, the eight least significant bits
read from a PROM location are used as an address to select one of the RAM locations. This allows the programmer
to use instructions that require read/write operations.

1.1.9 G8016 Power Supply Regulator Module

The G8016 Power Supply module provides +5 Vdc and -15 Vdc and +15 Vdc for the semiconductor versions of
the PDP-8/A Miniprocessor. The supply consists of a quad size board containing all the power generation and regu-
lation circuitry necessary to provide these voltages. The power available is:

+5 Vde 20 A
+15 Vdc 0.75 A max
-15 Vde 0.75 A max } sum <1 A

1.1.10 G8018 Power Supply Regulator Module
The G8018 module supplies power for core memory systems for the 8A. It differs from the semiconductor power supply

module in that more power is available:

-5V 2A
+5V 25 A
+15V 2A
-5V 2A
+20 V 4A

NOTE
The G8016 and G8018 Power Supply modules are not
interchangeable. The semiconductor supply (G8016) will
operate only with the PDP-8/A Semiconductor com-
puter; the core memory supply (G8018) will operate only
with the 8A computers.

1.1.11 Interfacing
The PDP-8/A Omnibus is an internal input/output bus designed to eliminate random wiring and provide convenient
access to data and control signals. Interfacing is accomplished by inserting modules into non-dedicated slots.

The KABS8-E positive 1/0 bus interface provides an extension to the bus system that facilitates interfacing PDP-8 fam-
ily positive bus equipment with the PDP-8/A. The positive I/0 bus was designed for use with PDP-8/1 and PDP-8/L
compatible peripherals, but it may be employed with almost any positive bus equipment.



PDP-8/A systems provide three types of data transfer: programmed data transfers, program interrupt transfers, and
direct memory access transfers. Programmed data transfer is the easiest to implement and is the most direct method
of handling data 1/0. Program interrupt transfers provide an extension of programmed |/0O capabilities by allowing
1/0 operations involving two or more devices to be performed concurrently. The data break system uses direct mem-
ory access for applications involving extremely fast data transfer rates. All three 1/0 techniques are described in
Chapter 9 of the Miniprocessor Handbook. A detailed description of the Omnibus and its signals is contained in
Chapter 3 of this manual.

1.1.12 Option Modules

The PDP-8/A has two multi-option hex modules available. The M8316 module, which contains four separate PDP-8/A
options, and the M8317 module, which contains three options. Each of these modules and the options provided by them
are discussed in the following paragraphs and more fully described in Chapter 6.

1.1.13 DKC8-AA I/O Option Board (M8316)
The M8316 module contains a Serial Line Unit (SLU), a Real Time Crystal Clock, a General Purpose 12-Bit Parallel
170, and the Programmer’s Console control.

1.1.14 KM8-A Extended Option Board (M8317)
The M8317 module contains the Memory Extension and Timeshare Control, Power Fail and Auto Restart, and the
Bootstrap Loader options.

1.1.15 Peripheral Options

Digital Equipment Corporation designs and manufactures many of the peripheral devices offered with the PDP-8/A.
All peripheral options purchased from Digital include the necessary cables, controllers, interfaces, etc. required for
system operation. Most options can be added to the system simply by inserting the modules into the Omnibus and
making cable connections between the modules and the peripherals.

1.2 CONSOLE OPERATION
There are two types of panels for the PDP-8/A — the Limited Function Panel and the Programmer’s Console. The Limited
Function Panel is supplied with each PDP-8/A. The Programmer’s Console is optional.

1.2.1 Limited Function Panel

The Limited Function Panel (Figure 1-3) has the necessary switches to apply power and to bootstrap the computer, and
indicators — POWER ON, RUN, and BATTERY CHARGING - to determine whether the computer is operating. Table 1-3
describes the function of the various switches and indicators on the Limited Function Panel.

1.2.2 Programmer’s Console

The key pad switches and indicators on the PDP-8/A Programmer’'s Console (Figure 1-4 and Table 1-4) augment the
Limited Function Panel by allowing manual control of computer operation, and by presenting a convenient indication of
program conditions within the computer. PDP-8/A program execution can be started, stopped, monitored, or switched
among various modes of operation. The key pad switches also provide a means of selecting a memory location or major
register for examination and allow selective modification of read/write memory.

1.2.3 Entering Data From the Programmer’s Console

Data is entered into registers from the programmer’s console by first pressing the numbered key pad switches corre-
sponding to the octal number to be entered, then the key pad switch corresponding to the register into which the data is
to be entered. For example, to load an octal number 7000 into the switch register, press 7, then press O three times, and
then press LSR. The data entered will be transferred to the switch register. To read the data that was entered in the
switch register, press SR and then DISP; the data is displayed in the 4 character octal readout.



Table 1-3
PDP-8/A Limited Function Panel
Controls and Indicators

Control or Indicator Function

ON/OFF In the up position, this switch applies power to the computer and all controls and
indicators. Power is removed by moving the switch down,

PANEL LOCK In the up position, this switch disables all key pad switches except Switch Register
(SR) and the read functions. The RUN and BATTERY CHARGING indicators are
not affected.

BOOT When this switch is down, the Omnibus SW line is disabled (voltage level high). When
it is up, the SW line is asserted (low). This switch is used to start programmable read
only memory (PROM) and bootstrap loader programs. The key pad BOOT switch on
the Programmer’s Console has the same function.

BATTERY CHARGING This indicator is a LED. It lights when the battery backup supply is charging in the
PDP-8/A semiconductor computers; in the 8A420, 8A620, and 8A820 computers, it
lights when both G8018 regulators are operating properly. The indicator is present on
the 8A400, 8A600, and 8A800 computers, but is not used.

POWER This indicator is a LED, lit when ac power is applied to the computer,
RUN This indicator is a LED, lit when the RUN flip-flop is set.
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Figure 1-4 PDP-8/A Programmer’s Console

1.2.4 Examining Memory Locations

To determine the content of a location in memory, enter the memory field and press LXA, then enter the memory
address and press LA. Press MD and then DISP. Now press E THIS and the contents of this memory location will
be displayed in the 4-character octal readout. If you wish to examine two or more consecutive memory locations,
content of the next memory location will be displayed each time E NEXT is pressed.

1.2.5 Entering Data in Memory

To enter (deposit) data in a memory location, first enter the field into which data is to be deposited and press LXA,
then enter the address and press LA. Now enter the data and press D THIS. If you wish to enter data into two or
more consecutive memory locations, press D NEXT after each entry is made.



Table 1-4

PDP-8/A Programmer’s Console Controls and Indicators

Control or Indicator

Function

ADDRS

DISP

RUN

Key Pad Switches
AC (0)

MaQ (1)

BUS (2)

STATUS (3)

First ‘ Ilegal Characters
Digit 2,3,6,and 7
Position

ADDRS is a b character octal readout that displays the content of
the 3-bit Extended Memory Address (EMA) register and the 12-bit
Memory Address (MA) register. The five characters (digits) show the
address of the memory location to be accessed next.

DISP is a 4 character octal readout that displays the content of the
register that has been selected for display. The Accumulator (AC),
Multiplier Quotient (MQ), Status Register, Switch Register (SR},
State, Memory Data (MD), or Data Bus (BUS) content may be read.
To select one of these for display, first press the appropriate key pad
switch (e.g., AC) and then press DISP. One of the LED indicators to
the left of the key pad will be lit, indicating which data is displayed
in the readout. D ISP also indicates the number button that is pressed;
i.e., if 3(STATUS) is pushed, 3 appears in the right-most D ISP posi-
tion (if DISP is pushed after 3, the STATUS indicator lights and the
DISP readout indicates the Status register contents). Thus, the oper-
ator can view the addresses being entered and the data being
deposited.

This indicator is a LED, lit when the RUN flip-flop is set.

When key pad AC and then DISP are pressed, the content of the AC
at Time State 1 is displayed in the 4 character octal readout. The AC
indicator to the left of the key pad will also light.

When key pad MQ and then DISP are pressed, the content of the MQ
register is displayed in the 4 character octal readout. The MQ indi-
cator to the left of the key pad will also light.

When key pad BUS and then DISP are pressed, the content of the
DATA BUS (DATA 0—11) at Time State 1 is displayed in the 4 char-
acter octal readout. The BUS indicator to the left of the key pad will
also light.

When key pad STATUS and then DISP are pressed, the content of
the Status Register is displayed in the 4-bit octal readout (Figure
1-5). The STATUS indicator to the left of the key pad will also light.
The six most significant bits of the Status Register (bits 0—5) indi-
cate either a set or cleared condition (logical one or logical zero).
Thus, the octal readout for these digits must be decoded to deter-
mine whether the bit is set or cleared.

An octal 4 or 5 indicates that the link is set. An octal 1 or 5 indicates
that the Omnibus interrupt request line is asserted.




Table 1-4 (Cont)

PDP-8/A Programmer’s Console Controls and Indicators

Control or Indicator

Function

Key Pad Switches (Cont)
Second
Digit

Third
Digit

Fourth
Digit

SR (4)

STATE (5)

First lllegal Characters
Digit 3,6,6,and 7
Position

Second
Digit

An octal 4, 5, 6, or 7 indicates that the INTERRUPT INHIBIT flip-
flop is set. The INTERRUPT INHIBIT flip-flop is located in the
memory extension and timeshare option.

An octal 2, 3, 6, or 7 indicates that the interrupt system is enabled.

An octal 1, 3, 5, or 7 indicates that the USER MODE line is
asserted. Signal USER MODE originates in the memory extension
and timeshare option on the Extended option board to disable exe-
cution of all OSR, LAS, HLT and 10T instructions when the com-
puter is operating in Timeshare mode.

Displays the content of the 3-bit instruction field register (IF0—2)
contained in the memory extension and timeshare option on the
extended option board.

Displays the content of the 3-bit data field register (DF0—2) con-
tained in the memory extension and timeshare option on the ex-
tended option board.

When key pad switch SR and then DISP are pressed, the content of
the SR (switch register) will be displayed in the 4 character octal
readout. The SR indicator to the left of the key pad will also light.

When key pad switch STATE and then DISP are pressed, the con-
dition of the major states, 3 bits of the instruction register (IR0—2),
and 6 major Omnibus signals are displayed in the 4 character octal
readout (Figure 1-6). The STATE indicator to the left of the key
pad will also light. The octal readout must be decoded to determine
if the individual bits are in a set or cleared condition (a logical one or
a logical zero).

A zero indicates that the processor is in the DMA state.

An octal 1 indicates that the processor is in the Execute major state.
An octal 2 indicates that the processor is in the Defer major state.

An octal 4 indicates that the processor is in the Fetch major state.

Displays the content of the 3-bit Instruction Register (IR0O—2).




Table 1-4 (Cont)
PDP-8/A Programmer’s Console Controls and Indicators

Control or Indicator Function

Key Pad Switches (Cont)
Third An octal 4, 5, 6, or 7 indicates that the MD DIR line on the Omnibus
Digit is asserted. Signal MD DIR is low and bit 6 is a logical one during

operations that read data from memory. MD DIR is high and bit 6

is a logical 0 during operations that write data into memory.

An octal 2, 3, 6, or 7 indicates that BREAK DATA CONT line on the
Omnibus is asserted. BREAK DATA CONT is low and bit 7 is a
logical one during some direct memory access (DMA) operation.

An octal 1, 3, b, or 7 indicates that the SW line on the Omnibus is
asserted. This occurs only when BOOT on the Programmer’s Console
or the Limited Function Panel is pressed.

Fourth An octal 4, 5, 6, or 7 indicates that the 1/0 PAUSE line on the
Digit Omnibus is asserted. Signal 1/O PAUSE L is generated during the
execution of an IOT instruction.

An octal 2, 3, 6, or 7 indicates that the BREAK IN PROG line on the
Omnibus is asserted (one or more devices are requesting a data
break). The highest priority device will begin a DMA operation at the
beginning of the next cycle.

An octal 1, 3, 5, or 7 indicates that the BREAK CYCLE line on the
Omnibus is asserted (a DMA operation is taking place).

MD (6) When MD and then DISP are pressed, the data on the 12-bit
MEMORY DATA bus (MD0O—11) on the Omnibus are displayed in
the four character octal readout. The bus normally carries the con-
tent of the last memory location addressed by the 15-bit memory
address register.

LA Pressing LA (load address) loads the contents of the entry into the
Central Processor Memory Address (CPMA) register and enables the
FETCH major state for the next processor cycle.

LXA Pressing LXA (Load Extended Address) loads the right-most digit of
the entry into the Data Field (DF) register and the next digit of the
entry into the instruction Field (IF) register.

INIT Pressing INIT (Initialize) generates an INIT pulse that clears the AC,
the LINK, all 1/0 device flags and registers, and all interrupt system
flip-flops. This is equivalent to a programmed CAF instruction.

RUN Pressing RUN generates a MEM START L signal, and sets the RUN
flip-flop. The program starts executing at the address that is in the
CPMA register.




Table 1-4 (Cont)
PDP-8/A Programmer’s Console Controls and Indicators

Control or Indicator Function

Key Pad Switches (Cont)
LSR Pressing the LSR switch loads the entry into the Switch Register.
The Switch Register serves as a 12-bit temporary storage register for
data entries. The contents of the Switch Register can be read under

program control by the OSR and LAS instruction.

BOOT Pressing BOOT twice causes the SW flip-flop to assert and then
negate the SW line on the Omnibus. The transition from assertion to
negation of the SW line causes a bootstrap operation to be per-
formed. The signal from this BOOT switch is ORed with the signal
generated by BOOT on the Limited Function Panel so that either
switch can assert the SW signal on the Omnibus.

E THIS Pressing E THIS {(Examine This) loads the contents of the memory
location addressed by the CPMA register into the Memory Buffer
(MB) register. The CPMA and PC are not incremented after this
operation. To observe the content of the MB, press MD, then DISP.

E NEXT Pressing E NEXT (Examine Next) loads the content of the memory
location addressed by the CPMA into the Memory Buffer {(MB) regis-
ter and increments the CPMA and PC registers. This feature allows
the operator to step through a program and observe the operation

of one of the major registers, buses, etc., in the octal readout.

D THIS Pressing D THIS (Deposit This) loads the content of the entry into
the MB register and into memory at the address specified by the
CPMA register. The CPMA and PC are not incremented by this
operation.

D NEXT Pressing D NEXT (Deposit Next) loads the content of the entry into
the MB register and into memory at the address specified by the
CPMA register. At the end of the operation, the PC and CPMA regis-
ters are incremented.

HLT/SS Pressing HLT/SS (Halt/Single Step) while the machine is running will
cause it to stop. If the machine is stopped, pressing HLT/SS causes
the machine to execute one machine cycle.
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Figure 1-5 Status Information
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Figure 1-6 State Information



CHAPTER 2
INSTALLATION AND ACCEPTANCE TEST

This chapter contains supplementary information and procedures for installing the PDP-8/A Computer System. Basic
installation and planning information, such as space requirements, environmental requirements, installation require-
ments, and system configuration data, are provided in Chapter 13 of the PDP-8/A Miniprocessor Handbook. Installa-
tion functions are summarized in Table 2-1.

All PDP-8/A computers and modules are tested thoroughly at DIGITAL's manufacturing facilities before they are shipped.
However, many switches and jumper wires can be arranged by the customer for specific purposes; furthermore, there is a
need both to verify the accuracy of system interconnections and site preparations, and to detect possible hidden damage
incurred during shipping. Consequently, a number of initial operating tests are also included in this chapter.

Table 2-1
Summary of Installation Functions

Identify space and power required for system configuration.

Survey proposed site

Prepare site in accordance with environmental space and power requirements.
Unpack equipment and check inventory checklist.

Install equipment.

Run acceptance test.

Enter results of acceptance test in log book.

21 SITE CONSIDERATIONS

Adequate site planning and preparation can simplify the installation process and result in an efficient, more reliable
PDP-8/A system installation. DEC Sales Engineers or Field Service Engineers are available for counseling and con-
sultation with user personnel regarding the installation.

Site planning should include a list of the actual components to be used in the installation; this list should also in-
clude such items as storage cabinets, supplies, work tables, etc.

Primary planning considerations are:

1. The availability and locations of adequate power
2. Protection against direct heat sources
3. Electrical noise radiation



4. Shock
5. The existence of fire protection devices.

If existing environmental conditions dictate, air conditioning and/or dehumidifying equipment (though not required for
the PDP-8/A) can become part of the site planning program.

21.1 Power Source
The power source should be free from conductive interference. In addition, all computer system supplies should be
connected to the same power source to avoid loading and source differentials that may affect computer operation.

2.1.2 1/0 Cabling Requirements
The cabling for rack-mounted equipment can be routed into the chassis through an opening located in the rear of
the chassis. Subflooring is not necessary because casters elevate the cabinet high enough to provide sufficient cable

clearance. The cabling should be located where it cannot be damaged. This is especially important if the processor
and peripherals are not in close proximity.

2.1.3 Fire and Safety Precautions
The PDP-8/A Power Supply contains a thermal cut-out switch, circuit breaker, and fuses for protection against over-
heating and overloading. Both the cabinet and the power receptacle must be adequately grounded to ensure safe op-
eration. A water pipe or steel beam provides an adequate ground. Refer to Chapter 13 of the PDP-8/A
Miniprocessor Handbook for grounding and power installation procedures.
WARNING
The frame of the computer must be grounded to pro-

tect personnel from dangerous electrical shock.

Grounding is achieved automatically when a 3-wire plug is used. However, a voltage reading from frame to ground
should be performed initially.

Electrical fires, although extremely unlikely, should always be extinguished by a Class 3 (CO,) fire extinguisher.
2.2 UNPACKING INSTRUCTIONS
All PDP-8/A computers are packaged in two containers, the inner container holding the computer, and a type of pro-
tective material. The steps in this section are sufficiently general to apply to any PDP-8/A. To unpack the PDP-8/A
computer, proceed as follows:

1. Open the outer carton and remove the inner carton.

2. Open the inner carton.

3. Carefully remove the cardboard from the top and sides of the computer.

4, Carefully remove the computer from the box.

5. Inspect the computer for damage. If the computer is damaged, notify the carrier immediately.

6. Unpack any other boxes included in the shipment.

7. Check that all equipment, software, manuals, etc., are present as specified on the shipping list inside the
carton.

8. Save the cartons and packing material to use if the PDP-8/A is later repacked.
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2.3 PACKING INSTRUCTIONS
Two kinds of packages are used for PDP-8/A computers. The kind used and the applicable packing instructions depend
on the type of PDP-8/A chassis assembly.

2.3.1

BAB8-C Chassis Assembly

The 8A420, 8A620, and 8A820 computers use a BA8-C chassis assembly (20-slot Omnibus). Figure 2-1 illustrates the
packing procedure. First, the computer is placed in the inner container (9906417), the empty space is filled with plastic
protective material (AIR CAP, SD-120), and the container is sealed. The sealed inner container is surrounded with
protective foam material which is enclosed by the two telescope caps. Finally, the package is secured by two plastic

straps.

2.3.2 Other PDP-8/A Chassis Assemblies

CAUTION

The G8016 Regulator board assembly used on PDP-8/A
semiconductor computers contains a battery. This bat-
tery, while not of sufficient voltage to cause electrical
shock, represents a possible hazard if shorted. If repack-
ing this type of computer, ensure that there is no loose
metal, such as solder, wire, or sheet metal parts inside
the cabinet.

The PDP-8/A semiconductor computer and the 8A400, BA600, and 8AB00 computers use a chassis assembly that has a
10-slot or 12-slot Omnibus. To pack these computers proceed as follows:

1.

Place the computer in the smaller of the two shipping cartons with the back (side with power cord) of the
computer against the side of the carton.

Place the beveled die-cut sheet with foam protector (part number 9905675) in front of the computer {Figure
2-2). If the Limited Function Panel and a pop panel are on the computer, the beveled edge should be down
inside the carton. If the computer has a Programmer’s Console, the beveled edge should be up so that the
cut-out in the cardboard fits the Programmer’s Console.

Place the die-cut sheet with foam (part number 9905667) downward over the computer. The end with two
pieces of foam should be fitted around the fans and the other end should be positioned so that the cardboard
fits behind the cabinet mounting flange and the foam is against the side of the carton.

Close the flaps and seal the carton with tape.

Surround the sealed carton with protective foam material and enclose with telescope caps (Figure 2-3).

Strap in both directions using stee! or plastic strapping.
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FULL TELESCOPE CAP
(9905647)

FOAM PAD

(9905648) \

FILL VOIDS IN CARTON
WITH AIR CAP SD-120

PACKAGED OPTION IN BOX
(9905417)

FOAM PAD
(9905648)

FOAM CORRUGATED
SIDE WALL ASS'Y
(9905641)

FULL TELESCOPE CAP
(9905647)

USE (2) PLASTIC STRAPS
(1) IN EACH DIRECTION
TO HOLD CONTAINER
TOGETHER.

08-1789

Figure 2-1 8A420, 8A620, BA820 Packaging
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(9905667)

PDP-8A

REGULAR SLOTTED
CARTON (9905649)

DIE-CUT SHEETS
WITH FOAM BEZEL
PROTECTOR
(9905675)

08-1494

8/A Computer Packaging (Inner)

Figure 2-2 PDP
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FOAM CORRUGATED
SIDE WALL ASS'Y
(9905661)

FULL TELESCOPE CAP
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Figure 2-3 PDP-8/A Computer Packaging (Outer)
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2.4 PDP-8/A BASIC SYSTEM COMPONENTS .
A PDP-8/A basic system comprises many components. The following three systems are the most common:

1. A basic® PDP-8/A, a memory, and a Limited Function Panel.

2, A basic PDP-8/A, a memory, a Limited Function Panel, a KM8-A Extended Option board, a DKC8-AA 1/0
Option board, and a Programmer’s Console (Paragraph 2.6 describes operating tests for this system).

3. A system as described in type 2 above, but accompanied by a Teletype® and diagnostic* * programs {Para-
graph 2.8 describes operating tests for this system).

As Table 1-2 indicated, a PDP-8/E CPU (KK8-E) can be used with the PDP-8/A system (8A600 and 8A620). In addition
to the CPU, most DIGITAL PDP-8/E options will operate with the PDP-8/A computers. The following will not:

KP8-E Power Fail/Auto-Restart option

DKB8-EA Line Frequency Real-Time Clock option
MMB8-E 4K Core Memory

MMB8-EJ 8K Core Memory

b=

The KE8-E option {Extended Arithmetic Element) and the TD8-E DECtape Control will operate only with the 8A600 and
8A620 computers.

Modules can be inserted in almost any PDP-8/A Omnibus slot. There are, however, some restrictions and these are
summarized in Table 2-2. Notice that an M8320 module (Bus Loads) is inserted in slot 1 of the 8A600 and 8A620
computers. This module must be modified before it can be used in the 8A600 and 8A620 computers. If the modification
has been accomplished, R55 (Figure 2-4) will have been removed; if R55 is present, carry out the procedure outlined in
DEC ECO M8320-00007.

R55 (4709, 1/74W)

08-1785

Figure 2-4 Part of M8320 Module Showing R55,
Which is Removed for 8A Operation

®Teletype is a registered trade mark of Teletype Corporation, Skokie. lllinois.
* A basic PDP-8/A is defined as a Central Processor Unit (CPU) and a chassis assembly (chassis, Omnibus, and power supply).

* * Diagnostics are test programs written to find faults in the logic. The PDP-8/A programs are supplied on paper tape. Diagnostic programs are optional
and may be ordered from the Software Distribution Center, 146 Main Street, Maynard, Massachusetts 01754.
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Table 2-2
PDP-8/A Computers, Dedicated Omnibus Slots

« PDP-8/A Semiconductor,
Omnibus Slot | 8A600 8A600 & KES-E 8A620 8A620 & KES-E 8A400, 8A420, 8A800, 8A820

1 M8320 M8320 M8320 m8320 M8315
2 M8316 M8316 M8316 M8316 M8316
3 m8317 ‘™M8317 M8317 M8317 m8317
4
b
6
7
8 M8300
9 M8310

10 M8300 M8341

1 mM8310 M8340

12 M8330 M8330

13

14

15

16 M8300

17 M8310

18 M8300 M8341

19 M8310 M8340

20 M8330 M8330

Note 1: M8316 and M8317 are interchangeable in slots 2 and 3.
Note 2: Module numbers are related to options as follows:
M8315 — CPU (KK8-A)
M8316 — 1/O Option Board (DKC8-AA)
M8317 — Extended Option Board (KM8-AA)
M8320 — Bus Loads
MB300 — cpy, KK8-E
mM8310 —
M8330 — Timing Generator

2.4.1 Chassis Descriptions

Three chassis types are available. The PDP-8/A Semiconductor computer chassis is illustrated in Figure 2-5 (the front
panels have been removed). Moduies are inserted in the Omnibus from the front of the unit. Both quad- and hex-size
modules can be inserted; the fingers on connectors E and F of the hex size modules do not carry Omnibus signals (some
hex modules do not have connectors E and F). Figure 2-6 illustrates the dimensions of the same computer, as well as
indicating the ac line and fuse locations.
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7288-4

Figure 2-5 PDP-8/A Semiconductor Chassis
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Figure 2-6 PDP-8/A Semiconductor Computer
Chassis Dimensions



Figure 2-7 shows the chassis that is used with 8A400, 8A600, and 8A800 computers. The dimensions are the same as
the PDP-8/A Semiconductor chassis; interior components are different. The G8018 regulator assembly has been remov-
ed to show the connector in which the assembly is inserted. The Omnibus connector blocks in the connector E position
are needed to accommodate the E connector of the core memory modules.

Figure 2-8 shows the chassis used with the 8A420, 8A620, and 8A820 computers. The example shown is an 8A620,
containing the KK8-E CPU and Timing Generator, as well as the Bus Loads module. The H9195 Omnibus is mounted on
the Cepter Wall assembly (DEC Part Number 70-12561); modules are inserted from the front of the unit. Two G8018
regulator assemblies are contained in‘the rear of the chassis; the regulator boards are inserted in PC board slots that are
mounted on the rear of the Center Wall assembly. Figure 2-9 is an outline drawing that gives the chassis dimensions and
illustrates the placement of the GB0O18 assembly.

CORE
MEMORY
SLOTS
L]
# £
4 i ‘ .
: 3 L ;
i 2 ;=
n‘ " " - )
{ { -
¢ -
" .l 5 wal
g Moy,
" » - ® Pogug,
i .
4
e Sl

oo | J
® = 4 .0 e " R ‘
0
.
REGULATOR POWER CABLE TO CONNECT
BOARD SLOT CONTROL LIMITED FUNCTION
FUSE PANEL
7367-3
Figure 2-7 PDP-8/A Chassis (H9300)

(Transformer Cover Removed)
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7996-2

Figure 2-8 PDP8/A Chassis
(8A240,8A620,8A820)
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18.31 in. (46.50 cm.)
(BETWEEN MOUNTING HOLE CENTERS)

08-1788

Figure 2-9 8A420/620/820 Chassis Dimensions
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2.4.2 Expansion Techniques

Table 1-2 noted that the BA600 and 8A620 computers could be expanded. Either a BA8-C or an H9300 can be added to
the basic chassis increasing the system capacity accordingly. Figure 2-10 illustrates the basic chassis and the expansion
possibilities available for each type.

8A600 8A620
(KK8~E) | (kk8-E)
H9300 BA8S-C

i T |

| = J L— a

I |
BA8-C | |
BAS-C OR H9300
08-1786

Figure 2-10 8A600/8A620 Expansion

The basic chassis is connected to the expander chassis by BCO8H cable assemblies. One cable connector is inserted into
either the top slot or the bottom slot of the basic chassis, depending on whether the expander chassis is located above or
below. The other connector is inserted into slot 1 or slot 20 of the expander chassis. If the 8A620 is being expanded with
an H9300 chassis assembly, the M8300, M8310, and M8330 modules must be removed from the basic chassis and
placed in slots 10, 11, and 12, respectively, of the expander chassis. If the computer includes a KE8-E option, this too
must be removed from the basic chassis and inserted in the appropriate Omnibus slots of the expander. Refer to the
-PDP8 Configuration Guide for definitive guidelines concerning expansion.

2.4.3 PDP-8/A Module Descriptions
The major units that constitute a PDP-8/A are described in the following paragraphs, along with the module switch

settings.

CAUTION
Switch settings may be accidentally changed unless
modules are removed and inserted carefully.

2.4.3.1 KK8-A Central Processor Unit (CPU) - The KK8-A, shown in Figure 2-11 is a muitilayer hex module
(M8315) which resides in the top slot of the Omnibus. The KK8-A has an auto-start feature used to start the computer
automatically when power is turned on.

NOTE
If you are not using the CPU Auto-Start feature, turn
switch $1-7 ON and switches S1-1 through $1-6 and
$1-8 OFF.

If you are using the CPU Auto-Start feature, set switches
as shown in Table 2-3.
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Table 2-3
KK8-A (M8315) Central Processor Unit Switch Settings

Switch Function (When in the ON Position)
S1-1 Start in field 7 (OFF position specifies Field 0)
S1-2 Start at address 4000
S$1-3 Start at address 2000
S1-4 Start at address 1000
S1-5 Start at address 0400
S1-6 Start at address 0200
- 81-7 CPU Auto Start Disabled
S1-8 OFF

Starting address 0000 may be selected by leaving switches S1-2 through S1-6 all OFF. Only one switch in the group S1-
2 through S1-6 may be ON at any time. Failure to observe this precaution will result in a malfunction, even if the auto-
start feature is not used.

243.2 MS8-A Read/Write Random Access Memory (RAM) — The MS8-A, shown in Figure 2-12, is a quad
module (M8311), semiconductor, read/write Random Access Memory available in the following configurations:

Option Memory Size Module Number

MS8-AA 1K M8311-YA

MS8-AB 2K M8311-YB

MS8-AD 4K M8311-YD
NOTE

If you are using a 4K RAM in Field O, set switches S1-
1. 2,3, 4,65, 6 and 10 ON and turn $1-7, 8, and 9
OFF.

Set switches as shown in Table 2-4 if other memory configurations are used.

2.43.3 MR8-A Read Only Random Access Memory (ROM) - The MR8-A, shown in Figure 2-13, is a quad module
(M8312), Read Only Random Access Memory. available in the following configurations:

Option Memory Size Module Number
MR8-AA 1K M8312-YA
MR8-AB 2K M8312-YB
MR8-AD 4K M8312-YD
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s11

S1-10

7015-8

Figure 2-12 MS8-A (M8311) Read/Write Random Access Memory



Table 2-4
MS8-A Read/Write Memory Switch Settings

Switch Function/Position

S11,2,and 3 Field Selection
S$1-1 $1-2 $1-3 Field Selected
ON ON ON 0
OFF ON ON 1
ON OFF ON 2
OFF OFF ON 3
ON ON OFF 4
OFF ON OFF 5
ON OFF OFF 6
OFF OFF OFF 7

St-4and b First Address
S$1-4 815 First Address in this RAM is
ON ON 0000
ON OFF 2000
OFF ON 4000
OFF OFF 6000

S1-6 ON for 4K Memory M8311-YD

S1-7 OFF

S1-8 ON for 2K Memory M8311-YB

S19 ON for 1K Memory M8311-YA

S1-10 Test switch, normally ON




CONNECTOR TO MS8-A
IF 13TH BIT MS8-A/MR8-A
ROM/RAM CONFIGURATION

THESE THREE CONNECTORS ARE REMOVED

TO PROGRAM THE ROM, BUT THEY MUST
BE IN PLACE FOR NORMAL OPERATION
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S5
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72301

Figure 2-13 MR8-A (M8312) Read Only Memory (ROM)
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The first address is always location 0000 of the selected memory field.

NOTE
If you are using a 4K ROM in Field O with no connections
to RAM, set switches as follows: §1-1 through $1-8; Sb6-
1 through $6-8; $7-1 through $7-8; $8-1 through $8-8;
$9-1 through $9-8; $4-1, 2, 3, 6, 7, 8; and $6-3, 8; all
ON. $2-1 through S2-8; §4-4, 6; §6-1, 2; all OFF. If a
RAM is used with top connectors, change S4-7 to OFF.

Table 2-5 lists the switch settings for other memory configurations.

CAUTION
All switches must be OFF when the M8312 is being
programmed (i.e., while data is being loaded into

ROM).
Table 2-5
MR8-A Read Only Memory Switch Settings
Switch Function/Position
S1-1t0 $1-8 ON
S§$2-1,8,and 5 Size Select Switch Settings
$2-1 S$2-8 $25 Memory Size
ON ON OFF 1K
ON ON OFF 2K
OFF OFF OFF 4K
S$2-2 and 4 OFF
S§2-3,6,and 7 Field Select Switch Settings
Field $2-6 §2-3 §2-7
0 OFF OFF OFF
1 ON OFF OFF
2 OFF ON OFF
3 ON ON OFF
4 OFF OFF ON
5 ON OFF ON
6 OFF ON ON
7 ON ON ON
S3-1 to S3-8 ON
S$4-1,2,3,4,6,and 8 ON
S4-5 OFF
S4-7 OFF for ROM/RAM Combination; otherwise ON
S5-1 to $5-8 ON
$6-1 and S6-2 OFF
S6-3,4,5,6,7,and 8 ON
S7-1 to S7-8 ON
$8-1 to S8-8 ON
S9-1 to S9-8 ON
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2434 MM8-AA 8K Core Memory — The MM8-AA, shown in Figure 2-14, is a hex module (G649) with H219A
stack assembly that contains 8K of core memory.

NOTE
If you are using core memory in fields O and 1, install
W1-3 and W1-2 and remove W2-4 and W3-4,

Install or remove jumpers as shown in Table 2-6 if other memory fields are in use.

Table 2-6
MMS8-AA 8K Core Memory Jumper Installation
Fields Used W1-3 W1-2 Ww2-4 W34
Oand 1 IN IN ouT ouT
2and 3 ouT IN IN ouT
4 and b IN ouT ouT IN
6and 7 ouT ouT IN IN

NOTE

24.3.6 MM8-AB 16K Core Memory - The MM8-AB, shown in Figure 2-15, is a hex module (G650) with H219E
stack assembly that contains 16K of core memory.

If the MMB8-AB is installed in fields O through 3, jumpers
W1-3 and W1-2 should be installed and W2-4 and W3-4

should be removed.

Install or remove jumpers as shown in Table 2-7 if other memory fields are used.

Table 2-7
MMS8-AB 16K Core Memory Jumper Installation
Fields Used w1-3 w1-2 w2-4 w34
Oto 3 IN IN ouT ouT
41to7 ouT IN IN ouT
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Figure 2-14 MMB8-AA Core Memory
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Figure 2-15 MM8-AB Core Memory
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2.4.3.6 DKC8-AA I/0 Option Board — There are two DKC8-AA hex modules (M8316) in existence; one is defined as
etch revision C (shown in Figure 2-16), the other as etch revision D (shown in Figure 2-17). The etch revision is identified
on side 2 of the PC board (side 1 is the componant side). Lettering similar to the following appears near the lower right
corner (when viewing side 2).

Option Board 1
Side 2

mM8316
5010900D

The letter D indicates the D etch revision. The information in this section is not totally applicable to each revision level;
differences that exist are indicated in the description.

The DKC8-AA combines four options:

1. Serial Line Unit (SLU), 110 to 9600 (50 to 9600 for revision D) baud rate interface for Teletype, VT50, or
other compatible serial line unit.

2. Real-time Clock — Crystal controlled at 100 Hz.
3. General Purpose Parallel 170 — 12-bit I/0 for user's device or another PDP-8/A.

NOTE

The General Purpose Parallel 1/0 on the D etch revision
of the M8316 module can be used as an interface for the
LA180. Data to the LA180 must be supplied in com-
plemented form. The 10Ts are different from the LA8
interface designed for the LA180. A BC80-A cable, avail-
able from DIGITAL, must be used to connect the General
Purpose Parallel 1/0 (J6) to the LA180.

4, Console Logic — Logic to connect the KC8-AA Programmer’s Console to the Omnibus.

NOTE
Revision C: For Teletype (ASR-33) operation without
real-time clock software, set switches $1-4, 6, and 8 to
the ON position; set switches S§1-1, 2, 3, 6, and 7 to the
OFF position.

Revision D: For Teletype (ASR-33) operation without
real-time clock software, set switches $1-1, 3, 4, 6, 8,

and 9 to the ON position; set switches $1-2, 6, and 7 to
the OFF position (S1-10 is a spare).

For other operation, set switches as shown in Tables 2-8 and 2-9.
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Figure 2-16 DKC8-AA (M8316) 170 Option Board



J2 PROGRAMMER'S

REVISION LETTER J5 CONSOLE (CONNECTS)
ON UNDERSIDE PARALLEL 1/0 TO BOTTOM CONNECTOR OF
OF BOARD (SIDE 2) TRANSMIT SIDE 1 PROGRAMMER'S CONSOLE

{7 E D c B A

J3 J4 $141 $1-10 a 8071-1
SERIAL PARALLEL 1/0 PROGRAMMERS
LINE UNIT RECEIVE CONSOLE

Figure 2-17 D Etch Revision of DKC8-AA (M8316)
1/0 Option Board

Table 2-8
DKC8-AA 1/0 Option Board Switch Settings for C Etch Module
Switch Function
S1-2,2and 3 Baud rate as shown below:
S1-1 S1-2 S1-3 Baud Rate
OFF OFF OFF 110
OFF OFF ON 150
OFF ON OFF 300
OFF ON ON 600
ON OFF OFF 1200
ON OFF ON 2400
ON ON OFF 4800
ON ON ON 9600
L]
S1-4 Clear Data Available at Time State 1 (normally ON)\
5
S1-6 ON enables Real Time Clock
S1-6 Test (normally ON, OFF for special testing)
S1-7 ON for 1 stop bit, OFF for two stop bits
S1-8 ON enables TTY filter in 20 mA CKT (used only for 100 baud)
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Table 2-9
DKC8-AA Option Board Switch Settings for D Etch Module

Switch Function

S1-1,2,3,and 4 Baud rate as shown below:

$1-4 $1-3 $1-2 $11 Baud Rate

ON ON ON ON 50
ON ON ON OFF 75
ON ON OFF ON 110
ON ON OFF OFF 134.5
ON OFF ON ON 150
ON OFF ON OFF 300
ON OFF OFF ON 600
ON OFF OFF QFF 1200
OFF ON ON ON 1800
OFF ON ON OFF 2000
OFF ON OFF ON 2400
OFF ON OFF OFF 3600
OFF OFF ON ON 4800
OFF OFF ON OFF 7200
OFF OFF OFF ON 9600
*OFF OFF OFF OFF 19.2K
S1-5 ON = Real Time Clock enabled

OFF = Real Time Clock disabled
S1-6 ON = Test Switch (always ON)

S1-7 ON = 1 Stop Bit in SLU character
OFF = 2 Stop Bits in SLU character

$1-8 ON = ASR/KSR 33 DR3b5 filter in (across SLU 20 mA REC'V Leads
ON if Baud rate is 110 or below)
OFF = filter out

S$1-9 ON = TS1 clears DATA AVALL flip-flop in Parallel 1/0 Section
OFF = DATA AVAIL not cleared by TS1

*Serial Line will not run at this Baud rate. This setting is not to be used.
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2.4.3.7 KMS8-A Extended Option Board — The KM8-A, shown in Figure 2-18, is a hex module (M8317) combining

the following options:

1. Power Fail/Auto-Restart
2, Bootstrap Loaders — Provide commonly used 1/0 loaders.
3. Memory Extension and Timeshare Control

NOTE
If you are using paper tape under control of the bootstrap
switches, no Auto-Restart, and timeshare enabled, set
the following switches ON: S1-1 through $1-4, S$1-8,
S$2-1, S$2-5 through S2-7; set the following switches
OFF: $1-5 through $1-7, S2-2 through S2-4, and S2-8.

Other switch settings for the KM8-A are listed in Tables 2-10 through 2-13.

NOTE

There are two types of bootstrap ROM’s used on the
KM8-A. E82 and E87 have different labels on them for
the two different bootstrap ROM’s. Modules that have
E82 and E87 (Figure 2-18) labeled 87A2 and 88A2
should use Table 2-11 for switch settings. If EB2 and E87
are labeled 158A2 and 159A2, use Table 2-12 for switch
settings.

NI T

Figure 2-18 KM8-A (M8317) Extended Option Board
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Table 2-10
Auto-Restart Select Switch Settings

Restart Address §2-2 $2-3 §$2-4

0 OFF OFF OFF

200 OFF ON OFF

2000 ON OFF OFF

4200 ON ON OFF
Table 2-11

Bootstrap Select Switch Settings
(for ROMs Labeled 87A2 and 88A2)

Program $25 $2-6 S$2-7 §2-8 S$1-1 §$1-2 S$1-3 Memory Address
*HI-LO RIM ON ON ON OFF ON ON ON 7737
*RKS8-E ON OFF ON OFF ON OFF ON 0024
*TCo08 ON OFF OFF ON OFF ON ON 7613
*RF08/DF32D OFF ON ON ON ON OFF OFF 7750
*TA8-E OFF ON ON OFF ON OFF OFF 4000

*May only be used with 4K of Read/Write Memory in field O.

Table 2-12
Bootstrap Select Switch Settings
(for ROMs Labeled 158A2 and 159A2)

Program §25 $2-6 $2-7 S$2-8 S$1-1 $1-2 $1-3 Memory Address
HI LO RIM ON ON ON . OFF ON ON 'ON 7737
RK8-E ON OFF ON OFF ON OFF ON 0024
RX8-E ON OFF OFF ON OFF ON ON ) 0033
RF0O8/DF32D} OFF ON OFF ON OFF ON OFF 7750
TAS8-E OFF ON OFF OFF OFF ON OFF 4000
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Table 2-13
Bootstrap/Auto-Restart Switch Settings

Feature Start Switch Switches
or Activating $1-6 $1-7 s1-8
Signal
Bootstrap Enabled and Auto-Restart Disabled BOOT Key OFF OFF ON
Bootstrap Enabled and Auto-Restart Enabled BOOT Key ON ON ON
or AC OK™
Bootstrap Disabled and Auto-Restart Enabled AC OK* ON ON OFF
Bootstrap Enabled and Auto-Restart Disabled AC OK* ON OFF OFF
Bootstrap Enabled and Auto-Restart Disabled AC OK* or ON OFF ON
BOOT Key
Bootstrap and Auto-Restart Disabled OFF OFF OFF
S21
Timeshare Enabled OFF
Timeshare Disabled ON
$14
Bootstrap Activated in Run or Stopped State OFF
Bootstrap Activated in Stopped State Only ON
Not Used $1-5

*Starts if power voltage becomes adequate.

2.4.3.8 Semiconductor Memory Power Supply — The Semiconductor Memory Power Supply can supply 20 A at +5
V. It will support only semiconductor memory (RAM and ROM). The G8016 regulator (Figure 2-18) plugs into a dedica-
ted backplane slot near the bottom of the chassis. The power supply has battery backup for power failures. The machine
will be totally supported for approximately 30-40 seconds after an ac line failure.

NOTE
All PDP-8/A Power Supply dc voltages are provided to
drive logic inside the basic chassis. DIGITAL is not
responsible for the performance of the PDP-8/A if any dc
power is used outside the PDP-8/A chassis.
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CAUTION
This area of the GB8016 is normally covered with an

insulating shield. R | of the shield exposes the

battery terminals. Should you accidentally short
BATTERY these terminals with a ring or watchband, you
CHARGING could receive a burn.

ADJUST w1 We

+5 V ADJUST POWER FAIL UP POWER FAIL DOWN

7015-11

Figure 2-19  Semiconductor Memory Regulator Board (G8016)
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NOTE
To enable control of the PDP-8/A power from the ON-
OFF Switch, set the MASTER/SLAVE switch to the
MASTER (to the right) position. (The switch is identified
in Figure 2-6.)

In the 8A computers the MASTER/SLAVE switch is mounted on the printed circuit board that includes the ON/OFF,
PANEL LOCK, and BOOT switches. This board is attached to the rear of the Limited Function Panel; remove the panel to
gain access to the MASTER/SLAVE switch. The switch is illustrated in Figure 2-20; if is shown in the MASTER position
(to the right when viewing the front of the switch).

2.43.9 Core Memory Power Supply Regulator - The core memory power supply supplies the following voltages at
the currents specified:

+5V @ 25 A
-5V@2A

+15V@2A
-15V@2A
+20V@ 4 A

It will support core memory. The G801 8 regulator (Figure 2-21) plugs into a dedicated backplane slot near the bottom of
the chassis. (The board slot is pictured in Figure 2-7).

MASTER/SLAVE
SWITCH

08-17687

Figure 2-20 8A MASTER/SLAVE Switch
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oS UeNT  POWER OK LIGHT
+5V ENTER HERE (LIT WHEN ALL DC
CIRCUIT FOR +5V VOLTAGES ARE
BREAKER ADJUSTMENT PRESENT)

ADJUSTMENT

TOOL MUST

ENTER HERE

FOR +20 VOLT

ADJUSTMENT +20V ADJUSTMENT

+5 V ADJUSTMENT -5V FUSE POWER
(2.5 A) FAIL
upP
Figure 2-21

POWER
FAIL
DOWN
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+20 V FUSE +15V FUSE -15 V FUSE
(4 A) (2.5 A) (25 A)

7404-1

G8018 Core Memory Regulator Board



2.4.3.10 Limited Function Panel (Figure 2-22) - The Limited Function Panel has three external switches and three
indicator lights (the MASTER/SLAVE switch is mounted in the rear of the panel for 8A computers).

7118-56

Ensmne

BATTERY RUN POWER
CHARGING

7288-3

Figure 2-22  Limited Function Panel

Lights
ik POWER light indicates the PDP-8/A is operating on ac power.
2. RUN light indicates the PDP-8/A RUN flip-flop is set. .
3, The BATTERY CHARGING light indicates either that the power supply battery is being charged (PDP-8/A

semiconductor computer) or that both G8018 regulators are operating properly (8A420, 8A620, and 8A820
computers). The light is present on the 8A400, 8A600, and 8A800 computers, but is not used.
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Switches

1. ON-OFF switch turns ac power on in the up position (this switch will not turn battery power on unless ac is
present). Turn power off before removing the power cord from the wall receptacle. Otherwise the PDP-8/A
will run on battery power for as long as the battery lasts.

2. On those systems having a Programmer’s Console, the PANEL LOCK switch disables the following
switches: HLT/SS, E NEXT, E THIS, D THIS, D NEXT, LA, LXA, INIT, BOOT, and RUN. The down posi-
tion activates the Programmer’s Console; the up position panel-locks the console.

3. The BOOT switch initiates the bootstrap function (if it is enabled) on the KM8-A Extended Option Board
(M8317). It is normally left in the down position. This BOOT switch is not affected by PANEL LOCK.

2.4.3.11 KCB8-AA Programmer's Console (Figure 2-23) - The Programmer’s Console has seven-segment LED dis-
plays of the Extended Memory Address (EMA). Memory Address (MA)}, and the Status Register. The console can be
located up to 15 feet from the PDP-8/A. Two BCOB8R cables connect the console to the M8316 module (J1 and J2).

( | )

it pdp 8o cammmEmEmmmEEmEmnD JEEERggE & |
O AN O sTaTE O "o NEXT | STATE MD 6 ji
THIS BU! STATUS SR INIT L
QOsus  Ostatus Osr ) O i
NEXT AC MQ HLT/SS RUN .
O |

—_—

\_ J

Figure 2-23 KC8-AA Programmer’'s Console

2.5 INSTALLING THE PDP-8/A AND TURNING POWER ON FOR THE FIRST TIME

2.5.1 Environmental and Power Requirements

Recommended operating conditions for the PDP-8/A are an ambient temperature of 5° to 50° C (41- 122° F) and
a noncondensing relative humidity of 10-95%. Voltage requirements are 90-132 Vac single phase (using approx-
imately 3.2 A), or 180-264 Vac single phase (using approximately 1.6 A). Line frequency may be 49-51 Hz or
59-61 Hz, depending on the power transformer used in the power supply. Check the label at the rear of the com-
puter to determine the correct voltage and frequency.

WARNING
Be sure that the ac outlet provides a non-current-carry-
ing ground.

2.5.2 Turning on the Computer for the First Time

After unpacking the computer, allow at least 30 minutes for the machine to stabilize to ambient temperature before
applying power. This time should be increased to one hour or longer when the difference between storage or ship-
ping temperature and the operating ambient temperature exceeds 30° F (17° C).
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Install the equipment using the following procedure:

10.

11.

12.

13.

14.

Check switch settings on all modules. (See instructions in Paragraph 2.4.3).
Ensure that the regulator circuit breaker is ON. (The breaker is pictured in Figure 2-6.}
Turn OFF the ON/OFF switch on the Limited Function Panel (Figure 2-22).

Ensure that all ac power is received from the same branch circuit if the system has more than one power
cord.

Plug in the power cord. If a power control is used, plug the power cord into the receptacle marked UN-
SWITCHED AC.

WARNING

Do not touch the computer after plugging it
in until proper grounding has been checked.

Before touching the computer, check frame to ground voltage to ensure that less than 10 Vac is present.
Without touching any metal part of the PDP-8/A, turn the power ON/OFF switch ON.

Repeat step 6. In case of difficulty, have an electrician check the socket into which the computer has been
connected (electrical connections are illustrated in Figure 2-24). If no difficulty is encountered, the computer
frame is properly grounded and there is no danger in touching it.

Power is now applied to the PDP-8/A. The fans should be running and the BATTERY CHARGING light should
light momentarily or stay on. (The light is not used in the H9300 chassis assembly.) If none of these occur,
check the MASTER/SLAVE switch (Paragraph 2.4.3.8). Turn the power OFF before checking the MAS-
TER/SLAVE switch. This switch should be in the MASTER (to the right) position. Then turn the power ON. If
the condition still exists, refer to the basic maintenance section in Paragraph 2.10.

Turn the PDP-8/A power switch OFF and the Teletype LINE/OFF/ LOCAL switch to the OFF position.

Connect the Teletype signal cable to the short cable (DEC Part No. BCO5M-1F, plugged into J3 of the
M8316) in the PDP-8/A. The cable connectors are keyed for proper mating.

Plug the Teletype into the same ac outlet as the PDP-8/A.
Turn power ON/OFF switch on the PDP-8/A to ON.

Turn the Teletype LINE/OFF/LOCAL switch to LINE. Only the hum of the running motor of the Teletype
and the PDP-8/A fans should be heard.

2.6 TESTING PDP-8/A WITHOUT PAPER TAPE DIAGNOSTICS
The procedures in this section are used to test the PDP-8/A computer from the Programmer's Console. No paper
tape diagnostic programs are required for these tests.
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2.6.1

Figure 2-24 PDP-8/A Electrical Connections

Programmer’s Console

08 1020

The Programmer’s Console is shown in Figure 2-23 and is fully described in the PDP-8/A Miniprocessor Handbook and in
Paragraph 1.2. Its use in testing the PDP-8/A is described in detail in the paragraphs that follow.

2.6.2 Central Processor Test Routines
When no MAINDECs are available, small routines may be keyed into memory and run to check PDP-8/A operation.
These tests will not completely check out a PDP-8/A, but will find the most common failures. All routines start at
address 0200. If any failures occur, carefully examine each instruction of the routine. If the instructions are correct,
switch power off and check all of the module switch settings (all memory contents are lost when power is switched
off and the routines must be reloaded). If the routine is not entered properly, re-enter the routine and try to run

it again.

These routines are also useful when MAINDEC programs cannot be loaded because of a hardware problem.
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2.6.3 Entering Test Routines from the Programmer’s Console
The following procedure should be used to run Routine 1, the first PDP-8/A test:

1.  Press, in order, MD, DISP — this will let you see what you deposit.

2. Press, in order, 0 0 0 O LXA - select memory field O

3. Press, in order, 0 2 O O LA — start loading instructions at address 200.

4. Press, in order, 7 0 0 1 D NEXT - deposit an instruction.

5. Press, in order, 2 3 0 O D NEXT - deposit an instruction.

6. Press, inorder, 52 0 1 D NEXT - deposit an instruction.

7. Press, in order, 5 2 0 O D NEXT - deposit an instruction.

8. Press, in order, 0 2 0 0 LA - now get ready to start at location 200.

9.  Press, in order, AC, DISP - Do this to see the accumulator (AC).

10. Press, in order, INIT and RUN - start the program.

All other routines should be entered into memory using this procedure.
NOTE

If you make a mistake while you are entering a num-
ber, and you have not pressed D NEXT, LA etc., you
can correct the entry by re-entering the entire number.

The number appearing in the DISP indicator is the en-
try that the PDP-8/A will use.

2.6.4 Central Processor Test Routines
The following routines should be used to check the CPU:

Routine 1
This program will increment the AC slowly so that the user can see that it is working. The internal numbering sys-
tem of the PDP-8/A does not use 8 and 9.

0200 7001 /Increment the AC by 1 — start here.
0201 2300 /Increment a location and skip if it is zero.
0202 5201 /Jump back 1.

0203 5200 /Start program over again.

Routine 2

This routine should print a pattern of all printable characters. Omit this routine if your PDP-8/A is not equipped with
a Teletype, or similar terminal.

NOTE

Ensure that the Teletype is set to LINE for routines 2
and 3.
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The following line will print out while this routine is running. Characters may or may not be printed after the letter Z,
depending on the column width of the terminal. These extra characters should be disregarded. Disregard the first line
printed.

1 #$%&'()*+,-/0123456789:;<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ (Random Characters)

0200 7001 /Increment the AC by 1 — start here.

0201 6046 /Transmit.

0202 6041 /Am | done transmitting?

0203 5202 /No | am not done transmitting.

0204 5200 /Yes | am done. Jump back and start over.
Routine 3

This routine will print what is typed on the terminal (echo characters). Type several lines of sentences, making sure
the terminal prints out what you type. Omit this step if your PDP-8/A is not equipped with a terminal.

0200 6031 /Has a key been pressed?

0201 5200 /No, go back and wait.

0202 6036 /A Key was hit, Read it.

0203 6046 /Transmit the character to the printer.

0204 6041 /Am | done printing?

0205 5204 /No. Go back one.

0206 5200 /Yes | am done. Let's go back to wait for another key.
Routine 4

The following program checks some of the operate instructions. The program should halt at location 00216 (ADDRS
should read 00217) with the AC cleared. (AC=0000)

0200 7240 /Clear the AC, then complement the AC.
0201 7001 /Increment the AC by 0202.
7640 /Skip if AC=0, then clear the AC.
0203 7402 /Error halt. Computer should not halt here.
0204 7120 /Set the link to 1.
0205 7010 /Rotate the AC right one. The AC should then equal 4000.
0206 7510 /Skip if the AC bit 0=0.
0207 7410 /Skip unconditionally.
0210 7402 /Halt. Computer should not halt here.
0211 7001 /Increment the AC by one.
0212 7002 /Byte swap, AC should equal 0140.
0213 1202 /Add 7640 to 0140.
0214 7420 /Skip if link equals 1.
0215 7402 /Halt on error.
0216 7402 /Good halt if AC = 0000.
Routine 5

The following routine tests the 1SZ instruction. The program should halt at location 00207 (ADDRS should read
00210) with AC cleared (AC=0000). To read the AC, press AC and then the DISP button.

0200 7500 /Clear the AC and link.

0201 3300 /Store O in location 300.

0202 7001 /Index the AC.

0203 2300 /Index location 300.

0204 5202 /Jump back and do again.

0205 7440 /Done check if AC = 0000.

0206 7402 /Error (AC and location 300 should be zero).
0207 7402 /Good halt.
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Routine 6
This routine tests the JMS instruction. This routine should halt with ADDRS = to 00215 with the AC cleared
(AC=0000). To read the AC, press AC and then the DISP button.

0200 7300 /Clear the AC and link.

0201 3300 /Zero Pass counter.

0202 3204 /Zero entry.

0203 4204 /JMS to subroutine.

0204 0000 /Return address written here.
0205 1204 /Get return address.

0206 7041 /Complement and index the AC.
0207 1215 /Add to known good return address.
0210 7440 /Skip on O AC.

0211 7402 /Error halt.

0212 2300 /Increment Pass counter.

0213 5202 /Do again.

0214 7402 /Good halt.

0215 0204 /Constant.

Routine 7

This routine tests the Jump instructions. The program should halt at location 00214 (ADDRS should read 00215).
Run this test twice.

0200 5210 /Jump 210.

0201 7402 /Error halt.

0201 5206 /Jump 206.

0203 7402 /Error halt.

0204 5212 /Jump 212.

0205 7402 /Error halt.

0206 5204 /Jump 204.

0207 7402 /Error halt.

0210 5202 /Jump 202.

0211 7402 /Error halt.

0212 2300 /Loop to do this program 4096 times.
0213 5200 /Start program over again.
0214 7402 /Good halt after 4096 passes.

2.7 LOADING THE RIM AND BINARY LOADERS
Programs in binary format may be used in machines with 4K or more of Read/Write Memory. The RIM loader must
be used to load the Binary Loader. The Binary loader is then used to load a program in binary format.

The RIM and Binary Loaders reside in the highest 1K of a 4K memory. Machines with less than 4K of memory re-
quire the RIM loader to be loaded at addresses in the lowest 1K of memory. Use of the Binary Loader on machines
with less than 4K of Read/Write memory is not recommended because of the length of the Binary Loader routine.
Each test procedure will tell you where to load the RIM loader.

2.7.1 Loading the RIM Loader

The RIM Loader is a 17-instruction program needed to load the Binary Loader and other RIM formatted tapes. There are
two methods of loading the RIM loader: Manually loading each instruction through the Programmer’s Console keys
(described in the next few paragraphs), and using the bootstrap option, if there is 4K or more of Read/Write memory and
the KM8-A Extended Option Board (M8317) is in the computer. If you use the second method, turn to Paragraph 2.7.3.
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Enter RIM Loader through the Programmer’s Console keys as follows:

Press keys from left to right as ordered in the following steps (1 through 22).

1.
2.

w

MD DISP /Enables memory data to the readout display

0000 LXA /Sets instruction and Data field to O

XXXX LA /ADDRS should read the OXXXX value, see the
bottom of this table for the value of XXXX.

6032 D NEXT /DISP should read 6032

6031 D NEXT /DISP should read 6031

5357 D NEXT /DISP should read 5357

6036 D NEXT /DISP should read 6036

7106 D NEXT /DISP should read 7106

7006 D NEXT /DISP should read 7006

7510 D NEXT /DISP should read 7510

5357 D NEXT /DISP should read 5357

7006 D NEXT /DISP should read 7006

6031 D NEXT /DISP should read 6031

5367 D NEXT /DISP should read 5367

6034 D NEXT /DISP should read 6034

7420 D NEXT /DISP should read 7420

3776 D NEXT /DISP should read 3776

3376 D NEXT /DISP should read 3376

5356 D NEXT /DISP should read 5356

0000 D NEXT /DISP should read 0000

0000 D NEXT /DISP should read 0000

XXXX LA /ADDRS should be OXXXX*

"XXXX If you have a 4K RAM, enter 7756. If you have less than 4K of RAM, enter 0156 for loading all tests except version A of
the MS8-A test (Enter 1756 for this case only).

2.7.2 Checking the RIM Loader

After completing the RIM loader procedure, the program may be checked by repeating the first three steps and press-
ing E NEXT. Each time E NEXT is pressed, the next four digits of the program should appear in the DISP lights.
When you are sure RIM loader is in memory correctly, proceed to the Binary Loader procedure, or load and run RIM
format MAINDECs (Paragraph 2.8) if you have less than 4K of read/write memory in your system.

2.7.3 Loading the Binary Loader

NOTE
Do not use the Binary Loader procedure if the memory
size is less than 4K.

Place the tape labeled Binary Loader (DEC-08-LBAA-PM) in the Teletype reader, with the
START/STOP/FREE lever set to FREE. Position the tape so that the printed arrow on the tape points toward
you, and the single row of data holes at the beginning of the tape is over the read head (Figure 2-25).

Ensure that the LINE/OFF/LOCAL switch of the Teletype is set to LINE, and the papertape reader’s
START/STOP/FREE lever is set to the START position (Figure 2-26).

If the KM8-AA Extended Option Board (M8317) is not available, the RIM loader must be loaded at this
time using the RIM loading procedure (Paragraph 2.7.1).

If the RIM loader was keyed in manually, press (in order) 7756, LA, INIT, and RUN. The RUN light
should be on. The Teletype reader should be reading tape.
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If the KM8-AA Extended Option Board (M8317) was set up for Hi-Lo RIM, ensure that the BOOT switch

5.
on the Limited Function Console is down; then press the BOOT key on the Programmer’s Console twice.
The RUN light should go on and the Teletype reader should read tape.
6. If the tape fails to read in or stops before the end of tape, reload the RIM loader using the RIM Loader
procedure (Paragraph 2.7.1).
Z. After the tape is read to the trailing single row of data holes, press the HLT/SS key. The reader should
stop reading tape. The Binary Loader should now be in memory.
o
00 00 ©
000000000 0000O0O0O ooTGpocuoooonooooooooooocooooo?oo?oo??co
00 00 00
o O oO
S 8§ 8
000000000000000000 00000 00000000000 00000000000
| J\ J
"N ik 4
LEADER : SINGLE ROW OF DATA HOLES (HOLE "8") PROGRAM DATA
08-0843
Figure 2-25 Paper Tape Leader
PAPER ROLL UNWINDS
COUNTER-CLOCKWISE
TAPE
UNWINDS
CLOCKWISE
TAPE
HOPPER ~—~—__
PUNCH
MECHANISM
PUNCH
OFF/ON
PAPER TAPE
READER
MECHANISM
START/STOP/FREE

LINE/OFF/LOCAL

2428

Figure 2-26 LT33 Teletype Controls
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2.7.4 Loading Binary Formatted Paper Tapes

1.

9.

Press (in order) 7777, LA, MD, DISP and E THIS. The DISP register should read 5301. If it does not,
check the RIM Loader and reload the Binary Loader.

If the content of address 07777 was 5301, press 7777, LA, and LSR.

Place the binary formatted paper tape in the reader, with the single row of data holes over the read
head.

Place the Teletype LINE/OFF/LOCAL switch to LINE.

Place the reader switch in the START position.

Press (in order) INIT, then RUN. The reader should start reading tabe.

The Programmer’'s Console RUN light should go out when the first bit of trailer (row of single data holes
at the end of tape) is over the read head. The reader should automatically stop. Move the reader lever to

STOP or FREE.

Press (in order) AC, then DISP. The DISP register should read 0000. If the DISP register does not equal
0000, the tape must be reloaded.

Now the program is ready to run.

2.8 TESTING THE PDP-8/A USING MAINDEC DIAGNOSTIC PROGRAMS
MAINDECSs are test programs designed to test the KK8-A or KK8-E CPU, the DKC8-AA 1/0 Option Board, the KM8-A
Extended Option Board, and read/write memory. The minimum PDP-8/A system that can be tested with MAINDEC
programs consists of a box, an Omnibus, a power supply and the following options:

Option Description

KK8-E

or CPU

KK8-A

DKC8-AA 1/0 Option Board
KC8-AA Programmer’s Console
LT33-D ASR-33 Teletype

with at least 1K of Read/Write memory starting in location 0000 of field O.

The PDP-8/A read/write memory can be any of the following:

Memory Size, Type
MS8-AA 1K Semiconductor
MS8-AB 2K Semiconductor
MS8-AD 4K Semiconductor
MMS8-AA 8K Core

MMS8-AB 16K Core

If your machine has a MR8 Read-Only Memory, you should consult your local Field Service representative before
attempting to run MAINDECs.
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2.8.1 Central Processor Unit (CPU) Test
The Central Processor Test is a good overall test of the PDP-8/A. It is recommended that this test be the only one
run unless specific problems are encountered.

The CPU Test checks the CPU for proper operation. The program first checks the HALT instruction (that's why the
program stops at step 7); then tests the remaining instructions.

Two variations of the CPU test exist. One of these variations applies if the PDP-8/A has 4K or more of Read/Write
memory; the other, if it has less than 4K. In the steps below, the steps which are memory-size-dependent are en-
closed in boxes. You should enter the information or perform the operation indicated for your memory configuration
(refer to sticker on the back of the PDP-8/A).

1. Load RIM Loader (see Paragraph 2.7.1), starting with one of the following addresses:

>or=4K: 7756
<4K: 0156

2. >or=4K: Load Bin Loader {See Paragraph 2.7.3)
< 4K: Skip this step

3. Place "PDP-8/A CPU Test” in paper-tape reader. Ensure that the header/trailer code (hole “8") is over
the read head. Tape number is:

>or=4K: MAINDEC-08-DJKKA-PB
< 4K: MAINDEC-08-DJKKA-PM1.

4. Run the appropriate loader.

>or=4K: Press 0000 and LXA.
Press 7777 and LSR.

Press 7777 and LA.

< 4K: Press 0156 and LA.
Press INIT.

Press RUN.

Tape will read into memory.

>or=K: Tape will stop automatically. Press AC, DISP. DISP indicators should equal 0000.

< 4K: Tape must be stopped when trailer is reached. Press HLT/SS.

5. Set up location 0021 in the program as follows:

Press 0021 then LA.
Press 4000 then D THIS.
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6. Start Program as follows:
Press 0000 then LSR.
Press 0200 then LA.
Press INIT.
Press RUN.
7. Program will stop (RUN Ight will go off) with ADDRS = 00222. Press STATUS and then DISP.
DISP indicators should equal 4000.
Press AC, then DISP.
DISP indicators should equal 7777.
8. Press RUN. Allow program to run for 10 minutes. If no errors are detected the program will not halt.
9. While program is still running, press any key on the Teletype.
Program should halt.
2.9 ADDITIONAL DIAGNOSTIC TESTS
These programs should be run to isolate specific problems. It is not recommended that they be run as a periodic con-
fidence check.
2.9.1 Memory Test
The MS8-A MOS Memory Test checks all locations in memory field O for proper operation. It relocates itself in mem-
ory and tests all of memory not occupied by the program. This test assumes that the CPU is functioning correctly.
1. Load RIM Loader (see Paragraph 2.7.1), starting with address:
>or=4K: 7756
<4K: 01566*
"Use 1756 if the tape is the A revision (MAINDEC-08-DJMSA-A-PM). The revision letter is the single letter just before the final
PM.
2. Place tape labeled “1-4K MS8-A MOS Memory Test” (MAINDEC-08-DMSA-A-PM) in the paper-tape

reader.
3. Run RIM Loader using one of the following;
>or=4K: Press 0000, and LXA.
Press 7756, and LA.
<4K: Press 0156", and LA.
"*Use 1756 if tape is the A revision (MAINDEC-08-DJMSA-A-PM).
Press INIT, then RUN.

Tape will read into memory.
Tape must be stopped when trailer is reached (press HLT/SS).
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4. Set up location 0021:

Press 0021 and LA.
Press 4000 and D THIS.

5. Set up location 0023:

Press 0023 and LA.
Do one of the following:

If 4K: Press 7777, and D THIS
If 2K: Press 3777, and D THIS
If 1K: Press 1777, and D THIS.

6. Start program as follows:

Press 0000, then LSR.
Press 0200, then LA.
Press INIT, then RUN.

7. Allow program to run for 5 minutes. There should be no halts. At the end of 5 minutes, while program is
still running:

Press 0400, then LSR.

Program will halt.

2.9.2 DKC8-AA Test
The DKC8-AA 1/0 Option Test program tests for proper operation of the Serial 1/0, Parallel 1/0, and Real Time clock
contained on the M8316 module. In addition to the paper tape(s), the following equipment is needed:

W987 Quad Module Extender

Three Termi-point Jumpers (Available in a package of 100, type 915. Any length may be used, although 8 in.
is probably most useful).

BCO8R cable (any stock length)

These items are supplied as a portion of the PDP-8/A maintenance kit, and may also be ordered separately using
the numbers just mentioned. This test requires placing the DKC8-AA on a module extender; hence a table to sup-
port the Programmer’s Console or cables to extend the panel cables should be available.

1. Turn PDP-8/A power OFF. Without altering the M8316 switch settings, remove the M8316 from the
PDP-8/A. Be sure to provide enough slack in the Teletype cable and the parallel 1/0 cables to allow easy
removal of the module. -Plug the W987 Quad Extender into the slot previously occupied by the M8316,
and plug the M8316 into the extender. Remove the paraliel I/0 cables (if used) from J4 and J5, marking
the cables so they can be properly reinstalled at the end of this test. Plug one end of the BCO8R cable
into J4. Plug the other end of the BCO8R cable into J5. There should be one fold and no twists in the
cable. Do not remove the Teletype cable or the cables to the Programmer’s Console. Turn PDP-8/A
power ON,
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Using the same procedure as for steps 1, 2, 3, and 4 of the CPU test, (Paragraph 2.8.1) load the tape into
memory.

CAUTION
Do not use the loading procedure for mem-
ory test.

The tape to be loaded is:

>or=4K: MAINDEC-08-DJDKA-PB1
<4K: MAINDEC-DJDKA-PM1

Without turning power off, remove the Teletype cable from J3 and install three Termi-Point jumpers as
follows:

J3-E to J3-H
J3-K to J3-KK
J3-S to J3-AA
Change S*1-5 on the M8316 from OFF to ON. Make no other switch changes at this time.

Set up location 0021 as follows:

Press 0021 then LA.
Deposit one of the following numbers by entering it via the numeric keys, then press D THIS:

Memory Size Enter
1K 6000
2K 6001
4K 6003
8K 6007
16K 6017

Start program as follows:

Press 0000, LSR then LXA.
Press 0200, INIT then RUN.

Allow program to run for 5 minutes. There should be no halts while program is still running:
Press 0400 then LSR.

Program will halt.

Then:

>or= 4K: Skip to Step 9
< 4K: Continue on to Step 7.
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{Omit if >or= 4K) Return S1-5 to off. Remove the Termi-point jumpers from J3 and re-install the Tele-
type cable. {Be sure it is installed so the printed A on the cable connector is at the same end as the
printed A on J3.) Load:
MAINDEC-08-DJDKA-PM2
and then repeat steps 3, 4, and 5 of this test. Allow program to run for 5 minutes (no halts). Then:
Press 0400 then LSR.
Program will halt.
(Omit if >or= 4K). Return S1-5 to off. Remove the Termi-point jumpers from J3 and re-install the Tele-
type cable as described in step 7.
Load:
MAINDEC-08-DJDKA-PM3
and then repeat steps 3, 4, and 5. Allow program to run for 5 minutes (no halts). Then:
Press 0400 then LSR.
Program will halt.
Do this step regardless of memory size.
For a C etch revision: Set S1-3 and S1-7 ON; leave S1-5 ON.
For a D etch revision: Set S1-1, 2, 4, 5, and 7 ON; set S1-3 OFF.
Continue for either revision.
Remove the Termi-point jumpers from J3.

Now connect:

J3-F to J3-J
J3-E to J3-M

Start program, as described in step 5, and allow program to run for 5 minutes (no halts). Then:
Press 0400 then LSR.
Program will halt.

Then do one of the following:

>or= 4K; Skip to step 11
< 4K: Do step 10
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10. Skip this step if > or = 4K.)
For a C etch revision: Set $1-3, 5, and 7 OFF.
For a D etch revision: Set S1-1, 3, and 4 ON; set S1-2 and 7 OFF.
Continue for either revision.
Remove Termi-point jumpers from J3. Replace Teletype cable as described under step 7. Load

MAINDEC-08-DJDKA-PM4
and repeat steps 3. 4, and 5. Allow program to run for 5 minutes. Then:
Press 0400 then LSR.
Program will halt.
11. Do this step regardless of memory size.
For a C etch revision: Set S1-3 and S1-7 ON; set $S1-8 OFF.
For a D etch revision: Set S1-1, 2, 4, and 7 ON; set S1-3 and S1-8 OFF.
Continue for either revision.
Press 0000 then LSR.
Then do one of the following:
>or = 4K: Press 4000 then LA.
<4K: Press 1200 then LA.
Press INIT and then RUN.

The program should run for 30 seconds £ 0.5 seconds from the time the RUN button is pressed; then
halt.

Now:
>or = 4K: Press 4023 or LA.
<4K: Press 1223 then LA.
Press INIT and then RUN.

Program will halt.

Turn on S1-3 and S1-7.
Turn off $1-8.

Press 0001 and LSR.

Press RUN.:
WARNING

Do not press INIT.

The program should run for 30 seconds *+ 0.5 seconds, and then halt.
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12. Do this step regardless of memory size.

Turn PDP-8/A power OFF.
For a C etch revision: Set $S1-3, 5, and 7 OFF; set S1-8 ON.
For a D etch revision: Set S1-1, 3, 4, 8, and 9 ON; set S1-2, 5, and 7 OFF.

Continue for either revision. Remove all Termi-point jumpers. Replace Teletype cable on J3, being sure the
pin letters on the cable and board connector match. Remove the BCO8R cable from J4 and J5. Re-install
parallel 1/0 cables (if used). Remove the W987 Quad Extender from the PDP-8/A, and re-install the M316.
Be careful not to alter switch settings accidently while inserting the M8316.

2.9.3 KM8-A Extended Option Board Test

NOTE
Make sure you have the correct diagnostic program.
MAINDEC-08-DJKMA-A- is for M8317 modules hav-
ing ROMs E82 and E87 labeled 87A2 and 88A2; MAIN-
DEC-08-DJKMA-B- is for ROMs labeled 168A2 and
169A2.

The KM8-A Extended Option Board Test program tests the circuitry contained on the M8317 module. As in the pre-
vious test, the module under test is placed on a W987 Quad Module Extender to allow the operator to alter switch
settings without turning off power to the PDP-8/A. Again, it is advisable to have a table to support the Program-
mer's Console.

The following series of tests are designed for operation on a PDP-8/A with 4K or more of memory, since two of the
three options on this module require at least 4K of memory. Also available for this option are test programs which

will run in 1K of memory. Consult your local DIGITAL sales office if more information on the 1K programs is
needed.

1. Turn OFF power to the PDP-8/A, and place the M8317 on the W987 Quad Extender. The M8317 must
be plugged into slot 2 or 3 of the Omnibus.

2.  Write on paper the position of all switches on the M8317, and then place all these switches in the QFF
position. Unplug the controllers for any bootstrappable options (such as the PC8-E, TA8-E, RK8-E con-
trollers and the KA8-E Positive I/0 adapter), but leave the Teletype connected.

3. Turn on power, and load RIM at address 7756 using the keys. Do not attempt to use the bootstrap — it
was disabled at step 2. Load the Binary Loader (see Paragraphs 2.7.1 and 2.7.3).

4. Read in the tape (MAINDEC-08-DJKMA-PB) using the Binary Loader. (See Paragraph 2.7.4).
5.  Set up location 0021 as follows:

Press 0021 then LA.
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Deposit one of the following numbers (depending on memory size) by entering it via the numeric keys
and then pressing D THIS.

Memory Size Enter
4K 7003

8K 7007

12K 7013

16K 7017

32K 7037

Start program:

Press 0000, LXA, then LSR.
Press 0200, INIT, then RUN

Allow program to run for 10 minutes. Then:
Press 0400 and LSR.

Program will halt.

Turn S2-1 on. Then:

Press 4255 then LA.
Press 0000, LSR, INIT, and then RUN.

Program will halt.
Set up for bootstrap test:

Press 4465, LA, INIT, then RUN.
Program will halt.

Test the paper tape bootstrap as follows:

Turn ON S2-5, $2-6, $2-7, S1-1, S1-2, S1-3, S1-6, S1-7, and S1-8. Make sure Teletype reader lever is in
either the STOP or FREE position.

Press:
BOOT
BOOT
HLT/SS
0000, then LSR
4401, LA, INIT, and then RUN

Program will halt with ADDRS = 04462 if paper tape bootstrap is correct.
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NOTE
There is no point in checking a bootstrap unless your
PDP-8/A is equipped with the option, (e.g., unless your
PDP-8/A is equipped with an RK8-E, do not bother to
test the RK8-E bootstrap).

10. Check any other bootstraps as follows:
Repeat step 8.

Set switches according to Table 2-14 or 2-15, depending on the bootstrap you are testing.
Leave S1-6, S1-7, and S1-8 ON.

Press:

BOOT

BOOT

HLT/SS

NOTE

There are two different types of ROMs for the M8317
module. Those modules that have ROMs labeled 87A2
and 88A2 should use Table 2-14 for bootstrap select
switch settings (sse Figure 2-18 for switch and ROM
locations). Those modules that have ROMs labeled
168A2 and 169A2 should use Table 2-16 for switch
settings.

Enter the value of SR from Tables 2-14 and 2-15, then press in order;
LSR, 4400, LA, INIT, then RUN
Program will halt with ADDRS = 04462 if Bootstrap is correct.
Table 2-14

Bootstrap Switch Settings for ROMs (E82 and E87)
Labeled 87A2 and 88A2

Bootstrap $2.5 S$2-6 §2-7 $2-8 S$1-1 §1-2 $1-3 SR
HI LO RIM ON ON ON OFF ON ON ON 0000
RKS8-E ON OFF ON OFF ON OFF ON 0004
TCO08 ON OFF OFF ON OFF ON ON 0001
RF08/DF32D OFF ON ON ON ON OFF OFF 0002
TAS8-E OFF ON ON OFF ON OFF OFF 0003
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Table 2-15
Bootstrap Switch Settings for ROMs (E82 and E87)
Labeled 158A2 and 159A2

Bootstrap $2-5 $2-6 §2.7 §2-8 $1-1 $1-2 $1-3 SR
HI LO RIM ON ON ON OFF ON ON ON 0000
RK8-E ON OFF ON OFF ON OFF ON 0004
RX8-E ON OFF OFF ON OFF ON ON 0003
RF08/DF32D OFF ON OFF ON OFF ON OFF 0001
TASB-E OFF ON OFF OFF OFF ON OFF 0002

11.

12.

13.

14,

15.

16.

17.

Make sure the BATTERY CHARGING light on the Limited Function panel is off. If this light is on, leave
PDP-8/A power on but do not attempt the following test until the BATTERY CHARGING tight is off.

NOTE

Unless you have experienced a recent
power failure while the PDP-8/A was run-
ning or have unplugged the PDP-8/A power
cord without first turning the ON/OFF
switch to OFF, it is very unlikely that the
BATTERY CHARGING light will be on by
the time you get to this test.

Turn ON S1-1, 3, 6, 7, and 8; S2-3, 5, and 7. Turn OFF S1-2, 4, and 5; S2-1, 2, 4, 6 and 8.
Enter the following:

Press 4600 then LA.
Press 0000, LSR. INIT, then RUN.

PDP-8/A will halt.

Press 0002, LSR, INIT, and then RUN.

Without operating the panel ON/OFF switch, unplug the power cord of the PDP-8/A from the wall recep-
tacle. ADDRS should display 04764, and the RUN lights on the Limited Function Panel and the Program-

mer’s Console should be off,

Re-insert the power cord. The program should begin running again. Do not leave power cord unplugged
any longer than necessary, since the batteries will discharge.

Repeat step 15 four times.
Turn OFF power. Return the M8317 switches to the original positions, wrtten down at step 2. Remove
the W987 Quad Extender, and replace the M8317 in the PDP-8/A box. Be careful not to disturb the

switch settings on this module or any adjacent modules while so doing. Replace the Programmer’s
Console.
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2.94 Testing Extended Memories
A good test of extended memories, the CPU and the memory extension control may be made by running the 1K to

32K Random Memory Reference Instruction Exerciser Test. This test may also be used in systems with as little as
1K of memory.

1. Load RIM loader, as described in Paragraph 2.7.1 starting with one of the following addresses:

>or = 4K: 7756
<4K: 01566

2. Place MAINDEC-08-DJEXA-PM in paper-tape reader, enter same address as given for step 1, and press:

LA.
1000. then LXA.
INIT, then RUN.

Press HLT/SS when trailer is over read station.

3. Set up location 0021 by pressing:

0021 and LA

Memory Size Enter

1K 4000

2K 4001

4K 4003

8K 4007

12K 4013

16K 4017

32K 4037

Enter number corresponding to memory size from chart, then press D THIS.
4. Enter the following:

Press 0000 then LSR.
Press 0200, INIT, and then RUN.

5. Run two minutes for each 1K of memory (4K: 8 minutes, 8K: 16 minutes, etc.).
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2.10 BASIC PDP-8/A MAINTENANCE

Table 2-16 lists some basic PDP-8/A problem symptoms and their possible causes.

Table 2-16

Basic PDP-8/A Troubleshooting

Symptom

Possible Cause/Solution

No lights, fans not running

Fans running, but no lights

RUN light does not come on after
BOOT switch is activated

BATTERY CHARGING light stays
on

RUN light comes on when power
switch is turned on

RUN light stays on after AC power

is unplugged

Peripheral will not BOOT with
BOOT switch

Machine remains powered even
with ON/OFF switch set to OFF

Light on the G8018 Regulator
board is out (8A computers).

Fuse Blown. Power Switch is OFF. AC power not connected. MASTER/
SLAVE switch in wrong position.

Circuit breaker on the regulator assembly is OFF,

Check switches on KM8-A Extended Option Board (M8317). Switch
settings are in Tables 2-10 through 2-13,

The battery requires a minimum of 15 hours of charging after a complete
discharge. The light normally flashes on momentarily after power on if
battery has been fully charged.

This function is switch selectable on KK8-A CPU Module (M8315) and
KM8-AA Extended Option Module (M8317).

Do not unplug AC power unless PDP-8/A power is shut off. The PDP-8/A
behaves as if there has been a power failure, and the battery supply takes
over,

BOOT switch on Limited Function Panel in wrong position, it should be
down. PANEL LOCK should be down. Check switches on the Extended
Option Board {(M8317). Check baud rate switches on DKC8-AA 1/0 Option
Board (M8316). Switch settings are in Paragraph 2.4.3.6. )

Fuse in power control relay circuit is blown. Set ON/OFF switch to OFF,
then unplug the power cord before attempting to change this fuse.

Turn off power, remove regulator board, check +5 V circuit breaker
and =15V, 2156 V, and +20 V fuses.
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CHAPTER 3
INTERFACING TO THE OMNIBUS

This chapter provides the necessary interfacing information for users to understand operation of the Omnibus or to
build a special interface for the PDP-8/A. It deals primarily with hardware design considerations required to build an
interface for the Omnibus. Programming information is contained in two other PDP-8 documents, /ntroduction to Pro-
gramming and Programming Languages. A user who plans to write a program for his/her interface should be familiar
with these documents. However, DIGITAL has many device handlers and software packages the user may be able to
use as written, or modified, to operate devices with the PDP-8/A.

Signals are transferred from module to module on a device called the Omnibus. All PDP-8 modules and options that are
compatible with the PDP-8/A plug into the Omnibus. The Omnibus is an etched board with rows of connectors soldered
to it. The pin assignment is the same on all connectors. The Omnibus is comprised of 96 signals and provides the means
to transfer these signals from module to modaule.

There are many advantages to the Omnibus approach. Because all connectors on the Omnibus carry the same sig-
nals, a module can be placed anywhere on the bus with the following exceptions:

1. The CPU must be plugged into either the top slot (slot 1) or the bottom 3 slots (refer to Table 2-2).

2. The PDP-8/A option boards must be plugged into slots 2 and 3 (either module in either slot). MOS mem-
ory cannot be plugged into slots 2 or 3.

3. All hex modules should be plugged into the top slots followed by quad modules in the lower slots.

3.1 OMNIBUS PHYSICAL DESCRIPTION

The Omnibus (Figure 3-1) consists of standard DEC H863 connector blocks mounted on an etched circuit board and
wave soldered. The connectors are arranged to accept hex and quad type modules (Figure 3-2). The Omnibus has 10
slots if it is a semiconductor machine and 12 or 20 slots if it is a core memory machine. Core memory machines use an
extra connector (E) to supply +20 V and -5 V to the MM8-AA and MM8-AB core memory modules.

All pins on the Omnibus are parallel-wired (e.g., pin CM2 of slot 1 is wired to pin CM2 of slot 2) to form a parallel bus
comprised of 96 Omnibus signals. The parallel bus is used to connect the central processor, memory, peripherals, and
options. All modules must plug into the Omnibus.

The Omnibus is mounted on the PDP-8/A chassis (Figure 3-3 shows an 8A chassis). Modules are inserted and removed

from the front of the chassis. For connections to the outside world, connectors on the sides of the modules connect to a
shielded coaxial cable or flat ribbon cable. An opening in the chassis allows cables to be routed to the user’s device.
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Figure 3-1 PDP-8/A Omnibus (H9194)
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08-1258

Figure 3-2 PDP-8/A Hex and Quad Modules

3.2 BUS SPECIFICATIONS

Logic Levels

Logical 1 Maximum Voltage: +0.4 V
Minimum Voltage: -0.5 V
Logical O Maximum Voltage: +5.0 V

Minimum Voltage: +3.0 V

3.3 METHODS OF DATA TRANSFER
There are three methods of accomplishing input/output data transfers: Programmed 1/0 Transfers, Interrupt Trans-
fers, and Data Break Transfers. :

3.3.1 Programmed 1/0 Transfer
The simplest method of accomplishing an input/output transfer is to employ the Programmed /0 Transfer. This
method relies upon the processor to check the Status Flag and service the flag with a subroutine.

3.3.2 Interrupt Facility

A more efficient method of input/output transfers is to employ the Interrupt System. This method uses the Program-
med /0 Transfer, but the device signals the processor when a transfer is requied by grounding an INTERRUPT
REQUEST line. The processor responds at the end of the current instruction by entering a service routine.

3.3.3 Data Break Transfer

A still more efficient method of transfer is to employ the Data Break System. Whenever the data break device de-
cides that it is time to transfer, it generates MS, IR DIS to force the processor into a Direct Memory Access state
and CPMA DIS to disable the CPMA register. This leaves the data break device free to supply its own address and
to manipulate the Major Registers Control logic so that it can input and output data. The processor responds to a
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Figure 3-3 8A Chassis (H9300)

break at the end of the current cycle. In general, data break requires more hardware than Programmed 1/0. Addi-
tional logic is necessary to handle addressing, etc., and some Programmed |/0 is necessary to initialize and check
the status of the device.

3.3.4 The External Bus

The External Bus, which is mechanically and electrically organized the same as the 1/0 Bus on the PDP-8/L or the
PDP-8/l computers, plugs into the Omnibus by way of the Positive 1/0 Bus Interface and the Data Break Interface.
Each of these modules receives the same signal on the same pins as any other module plugged into the Omnibus.
The interfacing details of the External Bus are given in Paragraph 3.1.9 and Volume |l of the PDP-8/E Maintenance
Manual (DEC-8E-HMM2A-D-D).

The PDP-8/A Miniprocessor Handbook contains the information required to select the type of interface required for
the user's device and describes each of the transfer methods in detail. .

34 MODULE CONFIGURATION ON THE OMNIBUS

The basic PDP-8/A system is comprised of one Central Processor Unit and at least one memory module. Other modules
may be plugged into the Omnibus to add additional memory, options, or device interfaces to the system. Table 3-1 lists
the PDP-8/A-compatible modules along with their Omnibus slot assignments.

Hex and quad modules cannot be inter-mixed on the Omnibus. All hex modules should be put together in the top
slots and all quad modules in the bottom slots.
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For options that require additional modules to hold all the logic, two or more modules may be connected with H851 top
connectors (Figure 3-4).

Table 3-1
Slot Assignments for Modules on the Omnibus
Option Option Type of Number o. Omnibus Slot
Designation Module Modules Assignment

Optical Mark Card Reader Control CM8-F Quad 1 4—last™
Card Reader Control CR8-F Quad 1 4—last
Interprocessor Buffer DBS8-EA Quad 1 2—last
1/0 Option Module DKC8-AA Hex 1 2--3
Synchronous Modem Interface DP8-EA, EB Quad 2 2—last
Buffered Digital 1/0 DRS8-EA Quad 1 2—last
Positive /O Interface KA8-E Quad 1 4—last
Programmer’s Console KC8-AA, AB PNL.MT. 0 N.A.
Data Break Interface KD8-E Quad 1 4—last
Redundancy Check Option KG8-EA Quad 1 4—last
Central Processor Unit KK8-A Hex 1 1
Central Processor Unit . Quad 2 Refer
Timing Generator KK8-E Quad 1 to
Bus Loads Quad 1 Table 2-2
Asynchronous Data Interface KL8-JA Quad 1 2—last

KL8-M Quad 1 2—last
Extended Option Module KMS8-A Hex 1 2-3
Line Printer Control LE8-XX Quad 1 2—last
Line Printer Control LS8-F Quad 1 2—last
Core Memory (8K) MM8-AA Hex 2 4-8
Core Memory {16K) MMS8-AB Hex 2 4-8
Read Only Memory (1K) MR8-AA Quad 1 2—last
Read Only Memory (2K) MR8-AB Quad 1 2—last
Read Only Memory (4K) MR8-AD Quad 1 2—|ast
Reprogrammable Read Only Memory MR8-FB Quad 1 2—last
Read/Write Memory (1K) MS8-AA Quad 1 4—last
Read/Write Memory (2K) MS8-AB Quad 1 4—)ast
Read/Write Memory MS8-AD Quad 1 4—last
Reader Punch Control PC8-E, PR8-E Quad 1 4—last
RKO5 Disk Control RK8-EA Quad 3 4—last
TUG0 Cassette Interface TA8-AA Quad 1 2—last
TU10 DEC Magtape Control TMS8-EA, -FA Quad 4 4—last
Point Plot Display Control VC8-E Quad 2 2—last
Video Display and Terminal Control VT8-E Quad 3 4—last
DKB8-EP Real Time Clock DK8-EP Quad 2 2—last
AD8-A A/D Converter ADS8-A Quad 1 2—last

*Last’ applies except when considering both a non-expanded 8A600 or 8A620, and the added chassis of an expanded 8A600 or 8A620
(refer to Table 2-2).

3.6 OMNIBUS PIN ASSIGNMENT

Figure 3-5 relates the PDP-8/A modules (both quad and hex) and the Omnibus signals. The connectors are illustrated in
the lower part of the figure. The component side of the module is side 1. Individual pins are specified in this manner: BH1
means connector B, pin H, side 1; DM2 means connector D, pin M, side 2, and so on. Each connector pin has a
corresponding pin on the Omnibus that carries a specific PDP-8/A signal. The upper part of Figure 3-5 relates the signal .
names to the Omnibus/module connector pins. The L (low) or H (high) after the signal name identifies the assertion level
for that signal. For example, MDO L is asserted (a logical one) when it is low (+0.4 to -0.5 V). Most signals on the
Omnibus are tied through a load resistor to +5 Vdc. High level signals should be a minimum of +2.6 Vdc and low level
signals should be +0.4 Vdc, as defined by TTL logic.
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Figure 3-4 Modules Connected With H851 Type Connector

The Omnibus is wired so that the signal appearing on a specific pin is the same for most slots on the Omnibus. For
example, pin CK1 of every Omnibus slot carries signal BUS STROBE L. There are some exceptions and these are noted in
Figure 3-5. In slot 1, which has the KK8-A CPU plugged into it, pins AA1 and CA1 are tied to +5 Vdc instead of being
test points as indicated in Figure 3-5. These pins supply the extra +5 Vdc current required for the M8315 module. Slots
2 and 3 also have pins with signals but they are different from the signals in the other slots.

1 BA1 of slots 2 and 3 carries BATTERY EMPTY L
2. BB1 of slots 2 and 3 carries AC LOW L

3. DA1 of slots 2 and 3 carries PANEL LOCK L
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Notes

PIN CONNECTOR, SIDE
El £2 D1 r D2 c1 ] c2 B | B2 Al ] A2
A | TP +20V TP NOTE 5 +15V TP NOTE 2 +5V TP NOTE 3 +5V TP NOTE 2 +5V
B |TP NOT USED g — 15V P -15 TP NOTE 4 - 15V TP -15V
C | GND GND GND GND GND GND GND GND SP GND NOTE 1 GND
D |[TP NOT USED MASL IROL 170 PAUSE L TP1H MA4 L INT STROBE H MAOQ L EMAQ L
E | TP +20V MAS L IR1L coL TP2 H MAS L BRK IN PROG L MA1L EMA 1L
F | GND GND GND GND GND GND GND GND GND GND
H | TP MEM REFRESH (+5V) | MA1DL IR2 L ciL TP3H MA6 L MA,MS LOAD CONT L | MA2L EMA2 L
J TP MEM REFRESH (+5V) | MA11L FL c2L TP4H MATL OVERFLOW L MA3 L MEM START L
K |TP +20V MD8L DL BUS STROBE L TSiL MD4 L BREAK DATA CONT L | MD® L MD DIR L
L |TP NOT USED MDSL EL INTERNAL 170 L Ts2 L MD5 L BREAK CYCLE L MDIL SOURCE H
1. This pin is connected to ground on the M| TP -5v MD 10 L USER MODE L NOT LAST XFER L | TS3 L MD6 L LA ENABLE L MD2 L STROBE H
bus but serves as a logic signal within N GND GND GND GND GND GND GND GND GND GND
madules for testing. P | TP +20V MD11L FSETL INT ROST L TS4 L MD7 L INT IN PROG H MD3 L INHIBIT H
2. Pins AAtand CA1inslot 1 supply R TP NOT USED DATA8 L PULSE LA H INITIALIZE H LINK DATA L DATA 4 L NTS STALL L DATA @ L RETURN H
*8V o the CPU module. S | NOT USED NOT USED DATA 9 L STOP L SKIP L LINK LOAD L DATA5 L RES H DATA 1L WRITE H
3. Pin BA1 of slots 2 and 3 supplies T | JUMPER - GND GND GND GND GND GND GND GND GND
BATTERY EMPTY to the option U | JumPER J NOT USED DATA 1D L KEY CONTROL L CPMA DISABLE L | IND 1L DATA 6 L RUN L DATA2 L ROM ADDRESS L
modules.
v | TP NOT USED DATA 11 L SW MS, IR DISABLE L IND2 L DATA 7L POWER OK H DATA 3L LINK L

4. Pin BB1 of slots 2 and 3 supplies AC
LOW to the option modules.

6. DA1 of slots 2 and 3 supplies PANEL
LOCK to the option modules.

3 (B 1 —3

HEX MODULE
(COMPONENT  SIDE )

—

N

<KCHWDVZZIrXCIMMOODP <CHWVVZErXcITMmo oW

<K CHWD VZZIr XCITMOO D> <CHWDIVZErXeINmo OW> < CHWD V2T rXCINMMOO D> <KCHUWDTVZErx«ITNmooldr

D1 Ct B1 At

F1 E1
Fz_/ E2—/> oz/‘ cz—/ ez—/ AZ-/‘
CONNECTOR F CONNECTOR E QUAD MODULES

NOT CONNECTED SIDE1 g?gggcroa € HAVE 4 CONNECTORS 081018
TO THE OMNIBUS

rfiyuig ©0-0  UIMNIDUS Signai Locator

3-7



3.6 MAJOR GROUPS OF SiGNALS
The 96 signais of the Omnibus can be divided into nine major classes.

3.6.1 Memory Address - 15 Lines

The 15 signals EMA<0:2>L and MA<O0:11>L form a bus which defines the currently active memory address. The
source of MA<0:11>L is the CPU during instruction processing, and the currently active data break device during
Direct Memory Access (DMA) operations. The source of EMA<0:2>L is the memory extension control during in-
struction processing, and the currrently active data break device during DMA operations. Load resistors within the
CPU define EMA<O0:2>L as zeros (highs) if there is no memory extension control in the system.

3.6.2 Memory Data and Memory Direction Control - 13 Lines

3.6.21 MD<0:11>L - The 12 signals MD<0:11>L form a bidirectional data path between memory and CPU.
In addition, these lines are monitored by Programmed 1/0 devices to determine device code and sub-device oper-
ation, and by data break devices to obtain output (memory-to-DMA device) words.

3.6.22 MD DIR L - The source of information on MD<0:11>L is controlled by MD DIR L. If MD DIR L is

low, the data of the currently active memory is gated onto MD<0:11>L. If MD DIR L is high, the contents of the CPU's
memory buffer register are gated onto MD<0:11>L.

3.6.3 Data Bus - 12 Lines

The 12 signals DATA<0:11>L form a multi-purpose 12-bit bus used for data exchange between peripheral and
CPU, for data input from DMA devices, for front-panel monitoring of selected registers, and for the determination of
data break priority.

3.6.4 1/0 Control Signals - 10 Lines
This group of signals controls the I/0 dialogue between CPU and programmed peripherals. This group includes
INITIALIZE H, which is used for clearing peripheral flags.

3.6.5 DMA Control Signals - 8 Lines

This group of signals controls the operation of data break (DMA). Several of these signals are also activated for certain
front panel operations. Included in this group is RUN L, which is used for clearing data break requests when the computer
is halted.

3.6.6 Timing Signals - 9 Lines
Five time pulses serve as system clocks. Similarly, four time state levels serve as system enabling levels. All of these
signals originate within the main timing generator of the CPU.

3.6.7 CPU States - 6 Lines
The major state of the CPU appears on FL, DL, or EL (FETCH, DEFER. or EXECUTE); the operation code of the instruction
currently being processed appears on IR<0:2> L.

3.6.8 Memory Timing Signals - 5 Lines
Five signals originate in the main timing generator of the CPU and are bused to all memories. These signals
(SOURCE H, RETURN H, WRITE H, INHIBIT H, and STROBE H) control all memory operations.

3.6.9 Miscellaneous Signals — 18 Lines

These signals do not fit into any of the above categories. A large percentage of them are used by the Programmer’s
Console. Two signals (ROM ADDRESS L and NTS STALL L) are driven by some types of memories under special
conditions, and are monitored by the CPU and other memories. The rest of these signals are truly miscellaneous. Included
in this group is a signal (POWER OK H) that reports the validity of the power supply voltages.



3.6.10 Special Signals

Slots 2 and 3 of the Omnibus carry some special signals which are used on the PDP-8/A option modules. They are: AC
LOW L, BATTERY EMPTY L (associated with the battery back-up power supply), and PANEL LOCK (disables operations
from the Programmer’s Console when the PANEL LOCK switch is placed in the down position).

3.6.11 Interconnections
The interconnection of various system parts via the Omnibus is shown below:

CPU MEM MEM 1/0 DMA PANEL
EXT *

b b b b b b
oo oo oo oo oo oo
i ut i ut i ut i ut i ut i ut
nth nth nth nth nth nth
[ N N ] [ N} [ N X ] [ X N J (N N [ N N J
(N N} o000 [ X X ] [ X N ] [ X X J [ X N J

MEM ADD X X X X X
[ X N ] [ N N ] [ N N J [ N N J [ X N J [ N N J

MEM DAT X X X X X X
[ N N J [ N X ] [ N N J o000 [ N N ] [ N N ]
DATA BUS X X X X X
[ N N ] [ N N ] [ N N J [ N N [ N N J o060

1/0 CTRL X X X X
[ N N J [ X N J o0 [ N J (N N J [ N N ]

- DMA CTRL X X X X
[ N N ] [ N N ] [ X N ] [ X N ) [ X N J [ X N ]

TIMING X X X X X
[ N N J [ X N J [ N N J [ N X J [ X N J [ N N J

CPU ST X X X
[ X N J [ X N J [ X N ] [ N N ] [ X N ] [ X X J

MEM TIM X X

[N X ] [ N N ] [ N N ] [ N [ X N ] [ N N ]
MISC X X X X

*This is just the DMA portion of what is usually a complex peripheral. Such a peripheral usually uses the programmed
/O signals as well.

3.7 DETAILED DESCRIPTION OF THE 96 OMNIBUS SIGNALS
This paragraph describes the logical operation of each of the Omnibus signal lines. The paragraphs are arranged sim-
ilar to Paragraph 3.6 for easier correlation.

3.7.1 Memory Address - 15 Lines

These signals are changed starting at the leading edge of PULSE LOCAD ADDRESS H or TP4 H and remain static
through the entire memory cycle.

3.7.1.1 EMA <0:2>L. - Must be settled 50 ns prior to leading edge of SOURCE H and RETURN H.

Signal Pin
EMAO L . AD2 Most Significant Bit
EMA1 L AE2
EMA2 L AH2 Least Significant Bit



3.7.1.2 MA <0:11>L. - Must be settled 50 ns prior to leading edge of SOURCE H and RETURN H.

Signal Pin
MAO L AD1 Most Significant Bit
MA1 L AE1
MA2 L AH1
MA3 L A1
MA4 L BD1
MAS5 L BE1
MAG6 L BH1
MA7 L BJ1
MAS L DD1
MA9 L DE1
MA10 L DH1
MA11 L DJ1 Least Significant Bit

3.7.2 Memory Data and Direction Control - 13 Lines

3.7.2.1 MD<O0:11>L. - These lines form the data path to and from memory. If MD DIR L remains low for the entire
memory cycle, information from memory may be placed on the MD lines as late as 150 ns prior to TP2; otherwise, the
information must be present 250 ns before TP2. If MD DIR L is allowed to go high, the new MD information from the
CPU’s Memory Buffer register must be on the Omnibus 150 ns prior to the leading edge of INHIBIT H, and must remain
static for the duration of INHIBIT H for proper memory operation. It is desirable that the MD lines remain static into Time
State 1 (TS 1) of the next machine cycle to facilitate displaying the contents of memory when single-stepping programs.

Signal Pin
MDO L AK1 Most Significant Bit
MD1 L AlL1
MD2 L AM1
MD3 L AP1
MD4 L BK1
MD5 L BL1
MDG6 L BM1
MD7 L BP1
MDS8 L DK1
MD9 L DL1
MD10 L DM1
MD11 L DP1. Least Significant Bit

3.7.2.2 MD DIR L - L=memory driving MD lines; H=CPU’s MB register driving MD lines. MD DIR L is always
low from 100 ns after the leading edge of TP1 H to the leading edge of TP2 H, when it may be allowed to go high.
The gating from MD DIR L to the drivers of the MD bus is static; hence care should be taken to guarantee that this
line does not “glitch”. If MD DIR L remains low for the entire memory cycle, the information on the MD lines is
valid from the time it is placed on the Omnibus through the end of the memory cycle. No extra time need be al-
lotted for computing and storing information in the CPU’s MB register, and no time need be allotted for MB driver
turn-on and bus propagation after TP2.

Signal Pin
MD DIR L AK2



3.7.3 Data Bus - 12 Lines
DATA <0:11>L. The data is a multi-purpose, 12-bit bus whose use is a function of the machine state. During TS1 of
every memory cycle, the data bus carries indicator information as defined by the IND lines, (Paragraph 3.7.9.1).

During TS2 of FETCH cycles, the data bus carries the contents of the AC. During TS2 of DMA cycles, the data bus carries
information to be placed in memory, or information to be added to the contents of memory. During TS3 of 10T instruc-
tions, the information on the data bus is a function of the I/0 control lines (Paragraph 3.7.4.5). During TS3 of OP2
instructions, the contents of the CPU’s AC are placed on the data bus if the CLA bit (bit 4 of the instruction word} is zero,
and the contents of the control panel’s switch register are placed on the data bus if bit 9 of the instruction word is a one.
This implements the OSR and LAS instructions. During TS4 of all machine cycles, the data bus is reserved for determin-
ing data break (DMA) priority. See Paragraph 3.7.5 for more details.

A good general rule is for all logic to stay off the data bus unless there is a valid reason for placing data on that
bus. The data bus must be left free for use by the CPU.

Signal Pin
DATAO L AR1 Most Significant Bit
DATA1 L AS1
DATA2 L AU1
DATA3 L AV1
DATA4 L BR1
DATAS L BS1
DATAG L BU1
DATA7 L BV1
DATAS8 L DR1
DATA9 L DS1
DATAI0 L Du1
DATA11 L Dv1 Least Significant Bit

3.7.4 1/0 Contro! Signals - 10 Lines
Basic 1/0 devices may perform data exchange between the AC of the CPU and the device's registers. The state of

the device is tested using skip instructions. These devices need not make connection to C2 L, BUS STROBE L, and
NOT LAST XFER L.

More complicated 1/0 devices may use BUS STROBE L and NOT LAST XFER L to stall the CPU, perform multiple
transfers in a single 10T, and/or modify the PC (and/or the Link).

3.7.4.1 1/0 PAUSE L - Pin CD1 - I/O PAUSE L is low if F L, MDO L and MD1 L are low and USER MODE L
and MD2 L are high. Also included is a gating term from the timing chain. It is the command to all Programmed 1/0
peripherals to compare their device codes with the contents of MD<3:8>L. If a peripheral finds equality with
MD<3:8>L, it decodes MD<9:11>L to determine the sub-device operation to be performed. The peripheral has
100 ns in which to decode its subdevice operation and assert information onto the C lines and data bus. Similarly, it
must remove all information 100 ns after I/0 PAUSE L is negated.

170 PAUSE L remains asserted during extended 1/0 cycles until the CPU has been restarted. (Paragraph 3.7.4.7)
Although not mandatory, it is strongly urged that the peripheral logic design incorporate load-relief logic to minimize

loading on the DATA and MD buses when /0 PAUSE L is negated. Loading rules require load relief if there is more than
one Programmed 1/0 peripheral.



3.7.4.2 INTERNAL I/O L - Pin CL1 - INTERNAL I/0 L alerts the KA8-E Positive I/0 Bus Adapter that an 1/0
device on the Omnibus has recognized the IOT being processed. If the KA8-E finds this line not asserted, it pro-
cesses the |0T by stopping the CPU and entering an expanded 1/0 cycle.

All internal (Omnibus) I/0 devices ground this line if they find equality between MD<3:8>L and their device code
when /0 PAUSE L is low.

3.7.4.3 SKIP L —Pin CS1 — SKIP L is sampled by the CPU at TP3 to determine if an 1/0 skip should occur. The skip
occurs if SKIP L is low. This line is sampled every TP3 (not just during 10T instructions) if the processor is not in the
DMA state.

3.7.4.4 INT RQST L — Pin CP1 — INT RQST L is sampled by the CPU at the leading edge of INT STROBE H if all
other interrupt conditions are met to determine if an interrupt request is pending. This line is asserted by a peripheral
device when a condition that causes an interrupt is encountered. Since the CPU contains a synchronizing flip-flop, this
line may be asserted at any time. In addition, if this line is grounded 100 ns or more before TP3, the SRQ instruction
will skip.

3.7.45 C<0:2>L - Pins CE1 (CO L); CH1 (C1 L); CJ1 (C2 L) - C<0:2>L control the type of transfer during
an 10T as shown below:

c<0:2>L Transfer

012

H x H AC - DATA<O0:11>L —> AC (Peripheral may “or” information onto DATA<0:11>L)
LHH AC— DATA<O0:11>L; 0~ AC

LLH DATA<0:11>L—> AC

x HL DATA<O0:11>L+PC— PC

x L L DATA<0:11>L—> PC

x = doesn’t matter. In general, peripherals use only SKIP L to modify the PC, and so do not make connection to C2 L. See
Paragraph 3.8.4 for the impact on timing.

3.7.4.6 BUS STROBE L - Pin CK1 - BUS STROBE L is a negative-going pulse which causes the AC or PC to
be loaded during an IOT. BUS STROBE L is also used in conjunction with NOT LAST XFER L during long I/0 cycles
(Paragraph 3.7.4.7).

During an 10T, gating within the CPU generates a single BUS STROBE L pulse at TP3 time if NOT LAST XFER L is
high (i.e., if the 10T is not an extended I10T). If an extended 1/0 cycle is in rrocess (i.e., if NOT LAST XFER L is low
at TP3 H), the peripheral must generate all BUS STROBE L pulses. The AC or PC (depending on C2 L) is loaded at
the leading (falling) edge of BUS STROBE L.

3.7.47 NOT LAST XFER L - Pin CL1 - Most peripheral controllers require only one transfer per I0T; hence the
single transfer at TP3 time is adequate. Such peripherals do not ground NOT LAST XFER L and do not drive BUS
STROBE L. Other, more complex peripherals (the KA8-E Positive |/0 Interface, for example) require extended timing
and use NOT LAST XFER L to “stall” the CPU in an 1/0 cycle.

To stop the CPU in TS3 of an I/0 cycle, ground NOT LAST XFER L prior to TP3 H of the I0T.

The CPU will remain in TS3, and will not generate INT STROBE H or BUS STROBE L. Timing is now controlled by the
peripheral.

The peripheral may make any number of transfers by controlling C<0:2>L, generating BUS STROBE L and keeping
NOT LAST XFER L at ground.
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The .CPU is restarted by allowing NOT LAST XFER L to go high before the leading (falling} edge of BUS STROBE L.
In addition to making a final data transfer, the CPU restarts by generating INT STROBE H, entering TS4 and by ne-
gating I/0 PAUSE L.

3.7.4.8

2.

3

INITIALIZE H - Pin CR1 - INITIALIZE H is asserted (high) by:

Pressing the Programmer’s Console INIT key.
Executing the CAF instruction (octal 6007).

Negating the POWER OK H.

INITIALIZE H statically clears the AC, Link, interrupt system, and peripheral flags. It also sets the interrupt enable
flip-flops of peripherals that must remain program-compatible with older versions that did not have an interrupt en-
able flip-flop. (Two important devices in this category are the TTY and paper-tape reader/punc’. interrupt enables.)

3.7.5 DMA Control Signals - 8 Lines

Data breaks (DMA) allow a peripheral to communicate directly with memory, bypassing the CPU. The only CPU regis-
ter available to the DMA device is the MB; all other CPU registers must be preserved. Data breaks may occur be-
tween any CPU cycles, but a data break cannot be performed while the CPU is in the midst of an extended /0
cycle because the currently active memory is then supplying information to the bus.

Data breaks take place in the following sequence:

1.

At INT STROBE H leading edge, the decision to request a data break is made at the peripheral by setting its
break request flip-flop.

A device starting a data break unconditionally asserts CPMA DISABLE L and BREAK IN PROG L until its
break request flip-flop is cleared.

Data break priority is determined on DATA<0:11>L when TS4 L is asserted. Each data break device is
assigned a unique line on DATA<O0:11>L, with DATAQO L being the highest-priority line. Each requesting
device asserts its line on DATA<0:11>L, and examines the state of all higher-priority lines to determine
if they are all high. For example, a device asserting DATAS L examines DATA<0:4>L to make sure
these lines are all high. The device finding all higher-order lines high proceeds to step 4 below; all other
devices remain in step 3.

The device winning the priority test sets its MA Control flip-flops at the leading edge of TP4 H. (The
path from TP4 H to the Memory Address lines must have as little delay as possible; hence two flip-flops
are recommended to provide adequate drive without introducing the delay of a buffer (Paragraph
3.7.6.7). The MA Control flip-flops gate the break address onto the 15 Memory Address lines, and assert
MS, IR DISABLE L and (if this cycle is a data exchange cycle) BK CYCLE L.

At TP1 H, the active device asserts MA, MS LOAD CONT L.

For input to memory, the active device merely places its data on DATA<O0:11>L during TS2. For output
from memory, the device asserts BREAK DATA CONT L during TS2 L, and loads its register with the
contents of MD<0:11>L at the leading edge of TP2 H, TP3 H. or TP4 H. For Add To Memory, the de-
vice places the data to be added on DATA<O0:11>L during TS2, and asserts BREAK DATA CONT L dur-
ing TS2. The modified information is loaded into the CPU's MB and overflow flip-flop at TP2 H. and may
be read by the device at TP3 H or TP4 H. (TP3 H is generally used, since OVERFLOW L is valid only at
this time.) The data prior to modification may be read at the leading edge of TP2 H.



7. At the completion of a data break, all lines are in the same order and at the same times in which they
were asserted.

Three-cycle data breaks are merely three one-cycle data breaks with a special control to handle Word
Count and Current Address cycles. BREAK CYCLE L is not asserted during these two cycles; it is as-
serted only for the final, data exchange cycle.

DMA latency is the longest machine cycle, plus the time of TS4.

3.7.56.1 BRK IN PROG L - Pin BE2 - This signal provides indicator information to the console. It is grounded at
INT STROBE H leading edge if a break is to take place, and asserts the console BRK IN PROG bit of the Major
State Register.

3.7.5.2 CPMA DISABLE L - Pin CU1 - CPMA DISABLE L is asserted (low) by break devices if data breaks are
to occur. It is sampled by the CPU and memory extension control at the leading edge of TP4 H. If CPMA DISABLE
L is low at that time, the memory extension control’s field bits and the CPU’'s Memory Address bits are removed
from EMA<0:2>L and MA<Q:11>L. If CPMA DISABLE L.is negated (high) at the leading edge of TP4 H, the
memory extension field bits and the CPU’'s Memory Address register are gated to EMA<0:2>L and MA<0:11>1L
respectively.

3.7.5.3 MS, IR DISABLE L - Pin CV1 - When MS, IR DISABLE L is high, the Major State and IR flip-flops drive
the Major State and IR lines on the Omnibus (Paragraph 3.8.1). When MS, IR DISABLE L is asserted (low), the Ma-
jor State and IR lines are not driven by the CPU. Unless some external device asserts a Major State, the CPU is
then in the DMA state.

3.7.56.4 MA, MS LOAD CONT L - Pin BH2 - When MA, MS LOAD CONT L is negated (high), the CPU and
memory extension control function normally. Asserting this line inhibits the loading of new information into the
CPU’s Major State and Memory Address registers, and into certain control flip-flops of the memory extension con-
trol. This signal must not change while TP4 H is high. It is normally changed at TP1 time.

3.7.6.56 BREAK DATA CONT L - Pin BK2 - This signal is ignored unless F L, D L, and E L are all high. BREAK
DATA CONT L should be stable as early in TS2 as possible, and defines the information loaded into the MB at TP2
H. If BREAK DATA CONT L is high during TS2 of a DMA, DATA<O:11>L is loaded into MB<0:11>. If BREAK
DATA CONT L is low during TS2 of a DMA, MD<0:11>1 plus DATAO:11>L is loaded into MB<0:11>. Making
BREAK DATA CONT L low and placing no information (zeros) on DATA<0:11>L causes a DMA that does not mod-
ify memory.

3.7.5.6 OVERFLOW L - Pin BJ2 - This line is asserted ({low) during TS3 if a carry occurs at TP2. Hence this line
is asserted if any of the following occur:

1. Auto Index or JMS wrap-around
2. 1SZ overflow
3. Data break overflow or carry

3.7.5.7 BK CYCLE L - Pin BL2 - Panel information from the data break device. Low indicates that a break data
transfer cycle is in process.

3.7.6.8 RUN L - Pin BU2 ~ This signal is really a CPU state since it indicates that the CPU’s timing generator is
running (when low). It is included in this group of signals because its most important function is as a gating term
used to clear all break requests when negated (high).



3.7.6 Timing Signals - 9 Lines

Five pulses and four levels originate in the timing generator of the CPU and are used as system clocks and enabling
levels respectively. Time pulses are nominally 100 ns wide (INT STROBE H is more loosely defined. Refer to Para-
graph 3.8.1). Time states change nominally 50 ns after the leading edge of the time pulse. When the CPU is
stopped, the machine is at the beginning of T$1. Applying a single MEM START L causes the timing chain to start
and continue to run until:

1. The STOP L line on the Omnibus is asserted at TP3, or
2. The CPU encounters a HLT instruction at TP3, or
3. POWER OK H is negated at TP3 and the current memory cycle is complete.

A time state precedes the time pulse of the same number; INT STROBE H is coincident with TP3 H except when in
an extended I0OT operation; TS1 L is automatically entered at the end of TS4.

Signal Pin
TS1L CK2
TS2 L CL2
TS3 L CM2
TS4 L CcP2
TP1 H CD2
TP2 H CE2
TP3 H CH2
TP4 H CcJ2
INT STROBE H BD2

3.7.7 CPU STATE - 6 Lines

3.7.7.1 Major State Lines

The CPU Major State appears on these lines unless MS, IR DISABLE L is asserted (Paragraph 3.7.5.3). The Major
State as seen by the CPU’s instruction decoder is taken from these lines, thus it is possible to build special options
which force instructions to the CPU. Normally, the Major State lines change at TP4.

Major State Pin
FL DJ2
DL DK2
EL DL2

3.7.7.2 1R<0:2>L - These reflect the state of the CPU's instruction register provided MS, IR DISABLE L is high.
A low on R<0:2>L represents a one in the corresponding bit of the Instruction Register. As in the case of the Ma-
jor State lines, the IR lines are disconnected from the Instruction Register if MS, IR DISABLE L is low. The instruc-
tion seen by the CPU during D and E Major States is obtained from these lines. During instruction FETCH, the Direct
JUMP, 10T, and operate instructions are decoded directly from the MD lines. As with the Major State lines, it is pos-
sible to force instructions during defer or execute cycles. The IR is loaded at TP2 of an instruction FETCH (F L is
low), or at TP4 if an interrupt is being honored (INT IN PROG H is high).

Signal Pin
IRO L DD2
IRTL DE2
IR2 L DH2



3.7.8 Memory Timing Signals — 5 Lines
These signals are defined in terms of the 1.5 us memory cycle. (See Paragaraph 3.8.2 for waveforms.)

3.7.8.1 SOURCE H - Pin AL2, and RETURN H - Pin AR2 - These signals become asserted (high) at the same
time and direct the memory to turn on its read/write currents. RETURN H becomes negated 50 ns later than
SOURCE H, thereby defining the voltage to which the memory stack is charged.

3.7.8.2 WRITE H - Pin AS2 - WRITE H controls the direction of current flow in the memory stack. It is high dur-
ing write and low during read. If WRITE H is low, the positive-going transition of SOURCE H is usually used to clear
all Memory Buffer registers. :

3.7.8.3 INHIBIT H - Pin AP2 - INHIBIT H is a gating level to the inhibit drivers of core memory. When high, it
causes the selected memory’s inhibit drivers to turn on.

3.7.84 STROBE H - Pin AM2 - The leading edge of STROBE H provides a time reference from which the
strobe in each individual memory is derived. Each memory delays this edge by an optimum amount for that memory,
and then strobes its sense amplifiers. The selected memory must have its data on MD<0:11>L at or before strobe
leading edge plus 150 ns (this time does not include bus charging time).

3.7.9 Miscellaneous Signals - 18 Lines

IND1L IND2 L Information on DATA<0:11>L
H H Status Word*
H L MQO<0:11>
L H All zeros (highs)
L L - ACK0:11>

*STATUS WORD (Figure 1-5)

Information

@
-

LINK
Not used
INT RQST L (low on DATA2 L if INT RQST L [Pin CP1] is low)
INT INH Flip-Flop**
INTERRUPT DELAY Flip-Flop (denotes interrupt on)
User Mode L**
-8 IF<0:2>**
-1 DF<L0:2>**

OO WN=0O

**Erom memory extension control if present, otherwise these remain high (zeros).

3.7.9.1 IND1 L - Pin CU2, and IND2 L - Pin CV2 - These signals control the information gated to
DATA<O0:11>L during TS1. Since DATA<0:11>L is defined as low for a 1, ones in register bits place lows on
DATA<O:11>L.

Gating circuitry in any logic driving IND1 L and IND2 L should ground IND1 L and allow IND2 L to go high if LA
ENABLE L is asserted (low) (Paragraph 3.7.9.9).

3.7.9.2 MEM START L - Pin AJ2 - Grounding MEM START L causes the timing chain of the CPU to start.
MEM START L may be a 100 ns negative-going pulse, or it may be a level that is low if TS1 L is asserted and the
logical decision to start the machine has been made. MEM START L must not be asserted (low) beyond TP2 H,
since it may then interfere with possible HLT instructions.



A single MEM START L pulse causes the CPU to start and continue to run until halted by the program or by the
STOP L line (Paragraph 3.7.9.3).

3.7.9.3 STOP L - Pin DS2 - STOP L is sampled by the CPU at the leading edge of TP3 H of every machine
cycle. If STOP L is asserted (low), the CPU completes its current memory cycle and stops in TS1 {just after TP4 H
goes to ground). At that point in its cycle, the CPU can display:

New Memory Address {on EMA<0:2>L and MA<O0:11L)

New Major State (on FL, D L, and E L)

Memory Data of last-referenced location (on MD<0:11>L)

Status or AC or MQ (on DATA<0:11>L, depending on IND1 L and IND2 L)

Any other lines on the Omnibus for which display provision has been made
STOP L is asserted by HLT/SS on the Programmer s Console, and is also asserted when:

Single deposit (D THIS) operation is in process

Examine operation is in processor

A HLT instruction {octal 7402) is executed.

POWER OK H is low KEY CONTROL L is low during examine or deposit condition (Paragraph 3.7.9.9).
3.7.9.4 LINKL - Pin AV2 - LINK L is low if the LINK bit of the CPU is a one, and high if the LINK is a zero.
3.7.9.5 LINK LOAD L - Pin CS2, and LINK DATA L - Pin CR2 - These two signals allow loading of the LINK
from the Omnibus. Loading occurs on the leading (falling) edge of LINK LOAD L, and the data loaded into the LINK
is a one if LINK DATA L is low. These two signals should be used only in extended I/O cycles while NOT LAST

XFER L is low.

3.7.9.6 F SET L - Pin DP2 - This line is asserted (low) if the Major State gating of the CPU indicates the next
Major State will be a FETCH. The conditions causing this line to be asserted are:

1. A Major State of EXECUTE, no interrupt being honored (Paragraph 3.7.9.8).
A Major State of DEFER and an IR of b (JMP instruction).

A Major State of FETCH, a JMP instruction and MD3 L high (direct jump).
A Major State of FETCH and an 10T instruction.

A Major State of FETCH and an operate instruction.

o o & w N

DMA (F L, D L and E L all high).

3.7.9.7 USER MODE L - Pin DM2 - This line is normally driven by the timeshare portion of the memory exten-
sion control and is tied high by a load resistor in the CPU if no memory extension control is in the system. USER
MODE L is changed only at TP4 time.
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If USER MODE L is high, the CPU and control panel function normally. If USER MODE L is asserted (low), the fol-
lowing operations are inhibited:

1. The HALT instruction (inhibited in the CPU)
2. The OSR and LAS instructions (inhibited in the panel logic)

3. I/0 PAUSE L remains high even though an 10T instruction is fetched from memory (inhibited in the
CPU).

Interruption of the program, upon detection of any of these conditions, is handled by the memory extension control.
3.7.9.8 INTIN PROG H - Pin BP2 - INT IN PROG H is allowed to go high if:

1. The interrupt system has been turned on by an ION or RTF instruction and at least one subsequent in-
struction fetch has occurred.

2. An interrupt request has been recognized by the INT SYNC flip-flop of the CPU (which sets at the lead-
ing edge of INT STROBE H if INT RQST L and FSET L are both low).

3. There is no interrupt inhibiting condition. This condition is preserved in the INT INHIBIT flip-flop in the
memory extension control, and is generated if a CIF, CUF, SUF, RMF or RTF instruction has been pro-
cessed and a JMP or JMS has not yet occurred to complete the field change.

INT IN PROG H is used by the CPU to load O into the CPU’s MA, force the Major State to EXECUTE and IR to
JMS, and to turn off the interrupt system. INT IN PROG H is also used by the memory extension control to load the
save field, and to clear the IB, IF and DF. INT IN PROG H goes high at INT STROBE H time, and is not negated
again until the interrupt system is turned off (INT IN PROG H, INT STROBE H and not DMA).

3.7.9.9 LA ENABLE L - Pin BM2, and KEY CONTROL L - Pin DU2 - These lines must not be asserted unless
the CPU is in the DMA state (MS, IR DISABLE L low and F L, D L, and E L all high). If LA ENABLE L is low, any
logic driving IND1 L and IND2 L must assert IND1 L and turn off any drivers driving IND2 L.

The function of LA ENABLE L, KEY CONTROL L, and BREAK DATA CONT L are defined as follows:

Load Address Enable Key Control Break Data Control Function
L L L XLA 7
L L H XLAO
L H L Non-stop deposit
L H H Load address
H L L Panel examine
H L H Panel deposit
H H L Add to memory*
H H H Break deposit™®

*See Paragraph 3.7.5.5.

E THIS or E NEXT on the Programmer’s Console asserts STOP L, performs one memory cycle at the address in the
CPU’s MA register, does a break add to memory, and increments the MA.

D THIS or D NEXT on the Programmer’s Console asserts STOP L, performs one memory cycle at the address in the
CPU’s MA register, does a break deposit with the Entry Register of the console providing input data, and increments
the MA,



Load Address - There are two possible functions. If PULSE LA H is asserted, the MA is loaded from
DATA<0:11>L. If MEM START L is asserted, the CPU starts, performing an examine at whatever location is in the
CPU’s MA. At TP3 H, the contents of DATA<O0:11>L are loaded into the PC and transferred to the CPU’s MA at
TP4 H. The CPU is not stopped. (STOP L is not asserted.)

Non-stop Deposit — Same as pane! deposit except STOP L is not asserted, so the CPU continues to run. Useful for
loading bootstrap programs into memory.

XLAO - There are two modes of operation. If PULSE LA H is asserted, the memory extension control is loaded with
whatever is on DATA<6:11>L. If MEM START L is asserted, the CPU starts and does an examine at whatever loca-
tion is in the CPU's MA. The memory extension control is loaded at TP3 H, but O is on DATA<6:11>L so the mem-
ory extension control’s IF, IB, and DF registers are cleared. STOP L is not asserted, so the CPU continues to run.

XLA7 - Like XLAO with MEM START L, except that the CPU places 7777 on DATA<O0:11>L, loading 7 into the
IB, IF, and DF. The AC must be O for this function to work properly.

3.7.9.10 PULSE LA H - Pin DR2 - PULSE LA H causes the CPU’s MA register to be loaded if KEY CONTROL L
is high; or the memory extension control’s IB, IF, and DF registers to be loaded if KEY CONTROL L is low. PULSE
LA H is a nominal 100 ns positive-going pulse.

3.7.9.11 ROM ADDRESS L - Pin AU2 - ROM ADDRESS L is examined by core and other read/write memories.
If ROM ADDRESS L is high, the read/write memory functions normally. If ROM ADDRESS L is low, the read/write
memory is disabled. ROM ADDRESS L is asserted by small ROMs which overlay read/write memories, thus provid-
ing a small number of read-only locations in a large read/write memory. The gating for this signal must be fast.

There are only 25 ns from the time the address lines have been established to the time this signal must be asserted.

ROM ADDRESS L also modifies the JMS instruction by inhibiting the incrementing of the new PC contents. This ac-
tion causes the JMS instruction to act like a JMP instruction (except for timing) if a JMS to ROM is attempted.

3.7.9.12 NTS STALL L - Pin BR2 - NTS STALL L (Next Time State Stall L) provides a means of stalling ma-
chine operation to accomodate memories slower than the one for which the timing chain was designed.

When NTS STALL L is high, the timing chain of the CPU functions normally. If NTS STALL L is asserted (low), the
timing chain functions normally to the middle of the next time pulse. The time state changes and the time pulse com-
pletes in the normal 100 ns, but the timing chain stalls at the beginning of the new time state. The stalling of the
time state continues until NTS STALL L goes high, restarting the timing chain. NTS STALL L has no effect on the
duration of the five memory timing signals. It merely stretches the time before read, the time between read and
write, and the time after write before new address. NTS STALL L must be low, 100 ns, before the leading edge of a
time pulse to guarantee stalling in the next time state. The timing generator will not stall in the next time state if
NTS STALL L is high for the 100 ns prior to the leading edge of the time pulse.

NTS STALL Time State And There is
Low at Becomes Longer at
TP1H TS2 Longer time from end of read to TP2, allowing the CPU to accom-

modate memories with long read access time.
TP2 H TS3 Longer time from'when MB is loaded to the start of write.

TP3H TS4 Longer time from start of write to time address is changed, accom-
modating memories with long write times.

TP4 H TS1 Longer time from address change to start of read.

Watch break latency when using NTS STALL.



3.7.9.13 SW - Pin DV2 - This line reflects the state of the bootstrap flip-flop controlled by the switch on the Pro-
grammer's Console ORed with the state of the bootstrap switch on the Limited Function Panel. The signal is low if
the switch is up on the Limited Function Panel.

On machines equipped with bootstrap options, the low-to-high transition of this line initiates bootstrap operation if
the CPU is halted. If there is no bootstrap option in the machine, this line is available for any use the user may de-
vise.

3.7.9.14 POWER OK H - Pin BV2 - POWER OK H originates in the power supply and reports the state of the
dc voltages to the CPU, memory extension control and core memories. The dc supplies are in regulation if this signal
is high (Paragraph 3.9).

As the dc supplies fall toward ground, POWER OK H will be negated but may go somewhat positive again as the
+5 V supply nears ground. POWER OK H must remain at less than 0.4 V until all supply voltages are less than 30%
of their nominal value, otherwise, modification of core memory contents may occur.

POWER OK H being low asserts STOP L. POWER OK H going low is also applied to an integrator in the CPU, the
output of which generates INITIALIZE H and is used as a master clear for the timing chain. Similar integrators in
each of the core memories enable and disable the memory current supplies.

Negating POWER OK H does the following:

1. STOP L is asserted immediately.

2. At the next TP3 H, RUN L is negated by the CPU.

3. At the following TS1, all break devices clear their break requests and the memory extension control in-
itializes its EMA Enable flip-flop. The gating to accomplish this is usually the AND of POWER OK H
being low, TS1 L being low, and RUN L being high.

4. After a delay (15-500 us) long enough to allow the longest possible memory cycle to complete, the tim-
ing chain is preset to the beginning of TS1 with TP4 low. All memory timing signals are made low. The
CPU’s control flip-flop, which gates the CPU’'s MA onto the Memory Address lines, is placed in the “en-

abled” state. INITIALIZE H is generated, clearing the AC, LINK and interrupt system.

b. After a similar delay, each core memory disables its current sources so that memory cannot be altered if
memory timing signals should become asserted as the dc voltages go away.

Upon application of power:
1. The CPU, extension control and peripherals are all initialized.

2. Memory current sources are enabled 1 to 70 ms after POWER OK H is asserted. This enabling is accom-
plished by an integrating capacitor, so that “spikes” on POWER OK H are filtered out.

3. The internal clear signal and the Omnibus INITIALIZE H signal are negated 200 to 1000 ms after
POWER OK H is asserted.

4. All portions of the computer should be ready to run 0.1 sec after POWER OK H is asserted. MEM
START L will not be recognized until after INITIALIZE H is negated.

3.7.9.15 RES - Pin BS2 - RES is an unused line. Digital Equipment Corporation reserves the right to define this
line at a later date, and disclaims any responsibility to make this definition agree with any prior illicit use.
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3.7.9.16 Special Signals - Special signals AC LOW L, BATTERY EMPTY L, and PANEL LOCK are carried only on
pins in slots 2 and 3 of the Omnibus.

3.7.9.16.1 AC LOW L - Pin BB1 (Slots 2 and 3 Only) - AC LOW L is asserted when the ac. voltage falls below
95 Vac +3% and is negated when ac voltage goes above 105 Vac +£3% (with corresponding values to 220/240
Vac operation). AC LOW L is controlled by a detector in the power supply which senses changes in the ac voltage
levels. On semiconductor machines, the system can continue to operate in the absence of ac power for up to 45 sec-
onds fully loaded. In these machines AC LOW is the signal to switch to battery backup power. With core memory
machines, AC LOW causes an interrupt that allows the program time to transfer the contents of the active registers
to nonvolatile core memory.

3.7.9.16.2 BATTERY EMPTY L - Pin BA1 (Slots 2 and 3 Only) - BATTERY EMPTY L is asserted when a cir-
cuit in the power supply senses that the battery voltage has fallen below a certain value. This indicates that the bat-
tery has only 1.0 ms of run time remaining before the computer is halted by negation of POWER OK H (Paragraph
3.7.9.14).

3.7.9.16.3 PANEL LOCK L - Pin DA1 (Slots 2 and 3) - PANEL LOCK L is asserted when the PANEL LOCK
switch is in the up position to disable all key pad switches except Switch Register (SR) and the read functions.

3.8 TIMING

Many signals on the Omnibus are wire-ORed. For these signals, the high level is determined by a load resistor and
the low level is determined by one or more open-collector gates which ground the signal. Bus capacitance is moder-
ately high; hence fall times in such situations are fast and rise times are slow (about 100 ns). This 100 ns is consid-
ered in the following timing diagrams by adding the 100 ns to the set-up times where necessary. This requires
C<0:2>L to be defined from 450 ns before the leading edge of BUS STROBE L; 100 ns of this time is allotted to
charging C<0:2>1L.

3.8.1 Time Pulses and Time States

The time pulses (TP1 H, TP2 H, TP3 H, INT STROBE H, and TP4 H) plus their associated time states (TS1 L, TS2 L,
TS3 L, and TS4 L) serve as the timing reference from which all other timing is derived (Figure 3-6). Timing pulses
and time states are derived from a master crystal clock (20 MHz) in the timing generator of the CPU. This clock has
a stability of 0.1%; hence the time between positive edges of time pulses is accurate to 0.1%. Time pulse widths are
90-110 ns; the uncertainty is caused by gate skew and threshold variation. Time states change nominally at 50 ns
after the leading edge of the time pulses, but logic delays and loading introduce an uncertainty in this time.

Figure 3-7 details time pulse and time state change (this applies to TP1 H, TP2 H and TP4 H))

|-—A —f— B —p— ¢—o— D—|
TP4H __[ ] 11—
TP1H 1
TP2H 1
TP3H g
TSIl T L [ S
I TIMEPULSE ____ [ ___
TezL ) “—90 10110 '
0 ng ——w
1

Ts3L —1 =90 ns MAXIMUM —|
TS4L 1 J 10 ns MIN ——=i te 1

A=350ns . TIME STATE : :

8290 OLD | UNCERTAIN | NEW

0=350ns | \

TOTAL TIME=1500ns 08 1187 081158

Figure 3-6 Timing For One Memory Cycle Figure 3-7 Time State and Time Pulse Change Timing

Figure 3-8 details TP3 H timing if NOT LAST XFER L is high and if I/0 PAUSE L is high. (See Paragraph 3.8.5 for other
conditions.)

3.8.2 Memory Timing
Normal memory timing is based on 1.5 us core memory, and is shown in Figure 3-9.
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READ WRITE
SOURCE H [ m

=—90to N0 ns —=

TRPIH ___ [ ! }o— 350ns — 350ns —
! ! —+ p—50ns | 50ns —=l k-
— 110ns MAXIMUM —sf RETURN H :
—~|  —10ns MINIMUM | i | : :
TIMESTATE Z— = — — — — — == — = INHIBIT H : ; i
TS3 | UNCERTAIN _ ITs4 150ns~ W o | :
t <+ W—90to150ns ! 0
T ._.: #—0 10 50 nsec STROBE H [ -
STROBE H I — WRITE H L L { —
| | 1 . " ! t
Unless otherwise noted all times above
=—90 to 200ns —= are + or — 10 nsec.
081169 o180
Figure 3-8 TP3 Timing During 10T Transfer Figure 3-9 Memory Timing

3.8.3 Relationship Between CPU and Memory Timing
The timing relationship between the (read) CPU and memory is shown in Figures 3-10 (Read) and 3-11 (Write).

MD<O0:11>L changes at TP2 H only if MD DIR L is allowed to go high. If MD DIR L remains low, MD<0:11>L is
settled on bus at STROBE H leading edge +250 ns.

The times given take into consideration the type of load on MD<0:11>L, EMA<0:2>L and MA<0:11>L and its
position, plus maximum bus capacitance.

TP4H

-

ROM ADDRESS L, — — — — — e — — — — _
USER MODE L o

4 il
LD ["» k—SETTLED (INCLUDES BUS CHARGE TIME)
— le——25ns MINIMUM

SOURCEH 1
-+ #—|00ns MINIMUM EMAMA) — - e e e e e o
————————————— — ROM ADDRES L
EMA<Q:2>L |t
MA<QO:11>L  OLD |*|-SETTLED(INCLUDES BUS CHARGE) STABLE FROM PREVIOUS READ
TP2 H f
STROBE H - k-8
INHIBIT H ! 1
________ _[-‘__l __Iio_nf_M_Ai”fUM | —e —————120ns min
MD<O:11>L MDDIR L |
oLD o] | * NEW
Clear ail memories at leading | R S 30_70_15_0 2‘_ .
edge of SOURCE H MD<O:M>L —t
New Memory Data on bus ——————— | . *
# Uncertain
NEW Memory Data settled MD<O0.11> changes at TP2 H only if MD DIR L is
* Uncertain allowed to go high. If MD OIR L remains low MD <0.11 >
A = 250ns is settled or the bus at STROBE H leading edge + 250ns
081181 081162
Figure 3-10 Memory Timing Figure 3-11  Write Timing

3.8.4 Basic I/0 Timing
The Basic I/0 timing in Figure 3-12 assumes the following:

1. Single transfer during 10T

2. No modification of PC (no connection to C2)L

3. C<0:1>L do not go to ground and then positive between the falling edge of 1/0 PAUSE L and the ris-

ing edge of TP3 H.

The peripheral must place its data on DATA<0:11>L and assert any C lines at least 250 ns prior to TP3 H. SKIP L
must be asserted at least 100 ns before TP3 H if a skip is to occur. Peripheral registers are loaded at the leading

edge of TP3 H. Peripheral registers must be edge-triggered, since DATA<O0:11>L may start to change before TP3
H goes low again.

The timing for the CAF instruction is shown in Figure 3-13.
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3.8.6 Expanded 1/0 Timing
The restrictions of Paragraph 3.8.4 regarding single transfer and limited use of C<0:2>L do not apply.

The timing required to stop the CPU (this operation is not confined to 10Ts) using NOT LAST XFER L is shown in
Figure 3-14.

TP3H 1
—+ l=— 20 ns min
INITIALIZE H
le—300 to 900ns —«l
STROBE H __J1 (Never extends to next TP3 H)
Mo<omm>L T C ST T TTTR TR -
UNCERTAIN 10T
170 PAUSE L I Figure 3-13 C A F Instruction Timing
f— A +| B f+—
TP2H
H [
T3 o e e e e e e e e e e e e e e e = TP3H f
DATA<O:>L _ — [~ 3 alinih —
Indicator * | AC * Depends on * Bregk —e le— 100 ns min
information C<OM> L Priority NOT LAST —i 'I:—_z_o_ns_. min _
Dimension A = 450 to 550 nsec XFERL
Dimension B = 50 nsec minimum
400 nsec maximum 0s1188

* Uncertain
08 - 1163

Figure 3-14 Timing to Stop CPU
Figure 3-12 Basic 1/0 Timing Using Not Last XFER L

Figure 3-15 shows the timing required to make transfers to or from the AC, or to the PC.

Peripheral data registers should be edge-triggered and loaded at the leading edge of BUS STROBE L (since the con-
tents of the Data Bus may change as a result of sending BUS STROBE L to the CPU).

External loading of LINK must take place only in an expanded 1/0 cycle, and not at restart time. Figure 3-16 shows
the timing for this operation.

DATA<O:M>L — " "~ " 7 ~ i
! PERIPHERAL DATA* |
— . _P—300nsmin= LUNKDATAL_ — — — &~ = === — -—---
C<0:1>L + - ~'bus information |
—Defined ™ — 150ns minimum m—
— 450 ns mln——olI e—20ns 20 ns minimum—e le—
c2L 1 LINK LOADL
BUS STROBE L _——-—-——-I'_I— 90ns min —n 18—
(peripheral — generated) — 2010150 ns —o! o
90—-150ns—e lo— LINK L T
|
*1f required for input transfer, The 350 ns oLD . NEW
includes 100 ns for charging the bus. i
oa iz oe1167
Figure 3-15 Transfer Timing Figure 3-16 External Loading of Link Timing

Figure 3-17 shows the timing to restart the CPU after the peripheral has completed its data transfers. Loading LINK
is not allowed during this operation because of timing restrictions as the CPU leaves TS3.

3.8.6 Data Break Timing
The timing required to initiate a data break is shown in Figure 3-18. These signals are controlled by the device mak-

ing the break request.

3.8.6.1 Data Exchange - The data exchange timing is shown in Figure 3-19. Data to be placed in memory or
used to modify memory must be in a register which has been loaded prior to TP1 H.

3.8.6.2 Final Operations — The timing required to end a data break transfer is shown in Figure 3-20.
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Figure 3-17 CPU Restart Timing
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Figure 3-19 Data Exchange Timing

3.8.7 CPU Major States
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Figure 3-18 Data Break Timing
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Figure 3-20 End of Data Break Timing

The timing for the Major State of the CPU is shown in Figure 3-21.

3.8.7.1 IR (FETCH Cycle) - The timing for a FETCH cycle is shown in Figure 3-22.

TP4H I
— te— 20 to 150 nsec
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oLD ' NEW
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Figure 3-21 CPU Major States Timing
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F SET L 7
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Figure 3-22 FETCH Cycle Timing

3.8.7.2 Interrupt Recognition — The timing associated with interrupt recognition is shown in Figure 3-23.

3.8.8 Timing Start and Stop

The timing for starting and stopping the CPU is shown in Figures 3-24 and 3-25.
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3.9 ASYNCHRONOUS SIGNALS
The following signals are allowed to change asynchronously with respect to the CPU’s timing chain:

POWER OK H (when negated also causes INITIALIZE H to change)
sw

IND1 L

IND2 L

INT RQST L

STOP L

3.10 SPECIAL SIGNALS
The following signals should be asserted only when the CPU is not running:

MEM START L (Paragraph 3.7.9.2)
PULSE LA H (90 ns min width positive pulse)

3.11  ELECTRICAL CHARACTERISTICS AND INTERFACING

3.11.1 Logic Levels
Low = -05V to +04 V
High = +3.0V to +5.0 V.

3.11.2 Bus Loads

All bus load resistors are on the CPU module (instead of at the end of the bus) and the resistors are returned to +5
Vdc. The Omnibus is restricted to 12 slots and may not be extended. Maximum bus capacitance is limited to 150 pF
of which 30 pF is caused by the 12 slot bus and connectors.

3.11.3 Driving the Omnibus

Table 3-2 is a list of Omnibus signals, their load type, if they must sink, drivers, and number of inputs. The load type
{1 through 6), and type of driver (OC, TRI, and UTI) are defined at the end of Table 3-2.
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Table 3-2

Load Resistor and Drivers Summary

Signal Load Type Driver Must Sink (mA) Drivers Number of
Inputs (TTL)

BREAK CYCLE L 1 16 —_ —_—
BREAK DATA CONT L 1 16 1-0C 1/2
BRK IN PROG L 1 _ —_
BUS STROBE L 6 60 1-0C 2
coL 1 16 —_— 1/2
CilL 1 16 ———— 1/2
c2L 1 16 ——— 1/2
CPMA DISABLE L 1 16 —_ 2
DL 1* 30 TRI 2
DATAOL 2 16 3-0C 2
DATA1L 2 16 2-0C 2
DATA 2L 2 16 3-0C 2
DATA3L 2 16 2-0C 2
DATA 4 L 2 16 3-0C 2
DATASL 2 16 2-0C 2
DATAG6 L 2 16 2-0C 2
DATA 7L 2 16 2-0C 2
DATAS8SL 2 16 2-0C 2
DATAO9 L 2 16 2-0C 2
DATA10L 2 16 2-0C 2
DATA11L 2 16 2-0C 2
EL 1* 30 TRI 4
EMAO L 2 30 —_ —_——
EMA1 L 2 30 —_—— —_—
EMA2 L 2 30 —_— ——
FL 1* 30 TRI 7
FSET L 1 Do not drive TTL output 1-0C —_
IND1 L 1 16 —_ 1
IND2 L 1 16 —_—— 1
INHIBITH 5 Do not drive TTL output 1-TTL —_
INITIALIZE H 3 See Note 1 E.F. 1-UTI
INT INPROGH 2 16 2-0C 41/2
INT RQST L 1 16 —_ 1-UTI
INT STROBE H 4 Do not drive TTL output TTL —_
INTERNAL I/O L 1 16 1-0C —_
1/0 PAUSE L 5 Do not drive TTL output TTL 1
IRO L 1* 16 TRI 1/2
IR1TL 1* 16 TRI 1/2
IR2 L 1* 16 TRI 1/2
KEY CONTROL L 1 16 1-0C 11/2
LA ENABLE L 1 16 1-0C 21/2
LINK DATA L 1 16 1-0C 1
LINK L 1 Do not drive 1-0C _
LINK LOAD L 6 60 1-0C 1
MAOL 2* 30 TRI 1
MA1L 2* 30 TRI 1
MA2L 2* 30 TRI 1
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Table 3-2 (Cont)
Load Resistor and Drivers Summary

Signal Load Type Driver Must Sink (mA) Drivers Number of
Inputs (TTL)

MA3L 2* 30 TRI 1
MA4 L 2* 30 TRI 1
MASL 2* 30 TRI 1
MAG6 L 2* 30 TRI 1
MA7L 2% 30 TRI 1
MASL 2* 30 TRI 1
MAQ9L 2* 30 TRI 1
MA10L 2* 30 TRI 1
MA11L 2* 30 TRI 1

MA, MS LOAD CONT L 1 16 —_— 1
MDOL 1™ 16 TRI 4
MD1L 1* 116 TRI 4
MD2L 1* 16 TRI 4
MD3L 1* 16 TRI 4
MD4L 1* 16 : TRI 21/2
MD5L 1* 16 TRI 4
MDG6L 1* 16 TRI 31/2
MD7L 1* 16 TRI 31/2
MDSL 1 16 TRI 31/2
MDOL 1* 16 TRI 21/2
MD 10 L 1* 16 TRI 31/2
MD11L 1* 16 TRI 3
MDDIR L 2 16 1-0C 1
MEM START L 2 16 1-0C 2

MS IR DISABLE L 1 16 1-0C 1

NOT LAST XFER L 1 16 —_ 3

NTS STALL L 2 16 —_ 1
OVERFLOW L 1 Do not drive 1-0C —_——
POWER OK H — See Note 2 —_ 1-UTI
PULSE LAH 3 See Note 2 —_ 1

RES 1 16 —_ —_—
RETURN H 5 Do not drive TTL output TTL —
ROM ADDRESS L 2 30 —_— 1

RUN L —_ Do not drive TTL output TTL —_——
SKIP L 1 16 —_ 1
SOURCE H b Do not drive TTL output TTL —_—
STOP L 1 16 3-0C 2
STROBEH 5 Do not drive TTL output TTL —_—
Sw 2 —_— —_—
TP1 H 4 Do not drive TTL output TTL —_—
TP2 H 4 Do not drive TTL output TTL 3

TP3 H 4 Do not drive TTL output TTL 7

TP4 H 4 Do not drive TTL output TTL ———
TS1L 5 Do not drive TTL output TTL 1

*Active pull-up when CPU tristate drivers are enabled.
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Table 3-2 (Cont)
Load Resistor and Drivers Summary

Signal Load Type | Driver Must Sink (mA) Drivers Number of
Inputs (TTL)

TS2 L 5 Do not drive TTL output TTL —_——
TS3 L 5 Do not drive TTL output TTL 3

TS4 L 5 Do not drive TTL output TTL 21/2
USER MODE L 1 16 —— 2
WRITE H 5 Do not drive TTL output TTL 1
NOTES

1. INITIALIZE H and PULSE LA H. Driver must supply 30 mA at +3 V, and source less than 1 mA at ground.
An emitter follower is recommended. Typical circuit is shown in Figure 3-26.

2, POWER OK H. This line is driven high by circuitry within the power supply, but can be grounded by
options (such as the bootstrap loaders) which need to initialize the CPU and memory extension MA Control
flip-flops. The power supply driver must supply a minimum of 30 mA at +3 V, and must not supply more
than 100 mA when the output is shorted to ground. Peripheral drivers must sink 200 mA at 0.4 V, and sink
less than 1 mA leakage at +5 V.

3. The DEC 8881 (P/N 19-09705) will meet the 16 and 30 mA requirement. Two 8881's in parallel will meet
the 60 mA requirement.

LOAD 1: 470 © to +5 V, Clamp to +3 V.

LOAD 2: 390 Q to +56 V, Clamp to +3 V.

LOAD 3: 2—470 & in series to =15 V, Clamp diode with anode ground.

LOAD 4: 390 @ to +5 V, ferrite bead in series with pin to limit rise time.

LOAD 5: 390  to +5 V, series ferrite bead, Clamp to +3 V on “finger” side of ferrite bead.
LOAD 6: 150 £ to +5 V, Clamp to +3 V,

TRI = Tristate driver

UTI = Utilogic input (SIGNETICS 314, 380, 384 or equivalent)

OC = Open coliector

3.12 DRIVE AVAILABLE FOR PERIPHERALS
Table 3-3 lists the currents that are available for driving options, memories, etc, from the CPU and memory exten-
sion. Signals marked * are generally not used as output from CPU or memory extension.

3.13 RECEIVERS AND LOAD RELIEF TECHNIQUES

The use of Utilogic gates (Signetics SP3 14, SP380, etc) or other high impedance circuits as bus receivers is strongly
recommended. These gates have high threshold and low input drive, and thus present maximum noise immunity
while introducing minimum bus reflections. Since 10 mA is available only on CPU timing and memory timing signals,
buffering and load relief techniques must be used to decrease loading on the Omnibus.

A typical 1/0 decoder is shown in Figure 3-26. Note the use of buffered I/0 PAUSE L. This signal keeps the MD re-
ceivers from loading the MD lines, since buffered I/0 PAUSE L supplies all needed base current to the three gates
on the MD lines unless 1/O0 PAUSE L is low. Similar techniques should be employed for signals from
DATA<O0:11>L to peripherals.

3-28



Table 3-3
Omnibus Signal Drive Currents

Signal

Source mA @ +3

Sink mA @ GND

BREAK CYCLE L
BREAK DATA CONT L
BRKINPROG L
BUS STROBE L
C<0:2>L

CPMA DISABLE L
DL
DATA<0:11>L
EL

EMA<0:2>L

FL

FSET L

IND1 L

IND2 L
INHIBITH
INITIALIZEH
INT INPROGH
INT RQST L

INT STROBE H
INTERNAL 1/0
1/0 PAUSE L
IR<0:2>L

KEY CONTROL L
LA ENABLE L
LINK DATAL
LINK L

LINK LOAD L
MA<O0:11>L

MA, MS LOAD CONT L
MD<0:11>L
MDDIR L

MEM START L
MS, IR DISABLE L
NOT LAST XFER L
NTSSTALL L
OVERFLOW L
RES

RETURN H

ROM ADDRESS L
RUN L

SKIP L

SOURCE H

STOP L

STROBE H
TP<1:4>H
TS<1:4>L

USER MODE L
WRITE H

* ok X*W W W

* *x NN WWWNW

[ G—
o O

N

*

* Q1

* OV

* %k k X W N

* 1 W =01

* -
o

10
10

10

*x % *x Q1 O1 O

¥l *WWW=2O01 = *«NW="3*% *xCATWWWNW
o o o

*

* ok x *¥W N

5

Depends on driver
10

3

5

*

10

10

10 Each
10 Each
3

10
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384 08-1257

Lhbbd

!

Figure 3-26 Typical |70 Decoder

3.14 INTERFACE EXAMPLES
This section provides the user with interface examples and timing for Programmed /0, Interrupt, and Data Break
transfers. For a more complete description of these examples refer to Chapter 9 of the Miniprocessor Handbook.

The interface examples contain some special integrated circuits. These IC’s, which are listed below, were chosen to
minimize loading on the Omnibus. Do not replace them with other devices having the same function unless you have
compared input loading and threshold figures (for input devices) or output driver and leakage (for the output device).

Input Devices Manufacturer Type DEC Part No.
Device No.
314 SIGNETICS SP314A 19-09704
380 SIGNETICS SP380A 19-09485
384 SIGNETICS SP384A 19-09486
Output Devices Manufacturer Type DEC Part No.
Device No.
8881 Several 7438 19-09705

3.14.1 Programmed 1/0 Interface Example
The Programmed 1/0 Interface (Figure 3-27) that illustrates the most commonly used transfer consists of:

1. A device selection circuit
2. A device operations decoder
3. 170 control logic and

4. Input/output buffers.
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